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S U M M A R Y
SUMMARY
Caesium f l u o r i d e  has been w id e ly  used as a c a t a l y s t  i n  a whole 
range o f  s y n t h e t i c  r e a c t io n s .  Mechanisms f o r  th e se  and r e la t e d  
r e a c t io n s  are u s u a l l y  c o n s id e re d  t o  in v o lv e  in te r m e d ia te s  
r e la t e d  t o  complex f l u o r o - a n i o n s .
The aim o f  t h i s  work was t o  s tu d y  th e  r e a c t io n s  between CsF,
a s o l i d  Lew is  base and s e v e ra l  gaseous Lew is a c id s  t o g e th e r
w i t h  th e  r e a c t io n s  between th e  s o l i d  Lew is  a c id s  A1F„, NbF_ and
j  5
p-UF^ w i t h  SF^, a Lew is base. T h is  was done i n  an a t te m p t  t o  
d e te rm in e  w h e th e r  o r  no t m o le c u la r  a n a lo g ie s  a re  u s e f u l  i n  
u n d e rs ta n d in g  th e  r e a c t io n s  w h ich  o c c u r  a t  m e ta l  h a l id e  s u r fa c e s .
Lew is  a c id  base r e a c t io n s  between th e  above no ted  f l u o r i d e s
have been s tu d ie d  under he te rogeneous  c o n d i t i o n s  a t  room
14 18 35
te m p e ra tu re ,  u s in g  th e  r a d io t r a c e r s  C, F and S. S u r fa c e  
a d s o rp t io n  o f  v o l a t i l e  a c id s  o r  bases i s  a lways observed  and 
i n  many systems a d d i t i o n a l  b u lk  r e a c t io n s  o c c u r .
T rea tm en t o f  CsF w i t h  [CF^l^CO in  th e  presence o f  MeCN 
fo l lo w e d  by th e rm a l  d e c o m p o s i t io n  o f  th e  1:1 adduc t fo rm ed i s  
one o f  th e  methods used t o  a c t i v a t e  CsF f o r  use as a he te rogeneous 
c a t a l y s t  o r  re a g e n t .  In  t h i s  work ^ ^ K r  a d s o rp t io n  a t  a c t i v a t e d  
and u n t re a te d  CsF has been used t o g e t h e r  w i t h  th e  r e a c t io n s  o f  
b o th  ty p e s  o f  CsF w i t h  r a d io c h e m ic a l l y  l a b e l l e d  Lew is a c id s  i n  
o r d e r  t o  q u a n t i f y  th e  a c t i v a t i o n  e f f e c t .
A c t i v a te d  CsF has a B .E .T .  s u r fa c e  area  i n  th e  range 3 .01  -  
2 .08  m^g  ̂ (95% c o n f id e n c e  l i m i t s ] ,  compared w i t h  0.31 -  0 .19  m^
g (95% c o n f id e n c e  l i m i t s )  f o r  u n t re a te d  CsF. Chemical 
a n a lyse s  o f  th e  CsF a f t e r  a c t i v a t i o n  shows t h a t  a s m a l l  amount 
o f  th e  OCFf CF^3^ an ion  i s  r e t a in e d .  R e a c t io n  r e s u l t s  a ls o  
sugges t t h a t  a c t i v a t i o n  o f  CsF p roduces  a porous s o l i d .
Room te m p e ra tu re  ^^F exchange between a c t i v a te d  CsF and BF^^^^F
o r  AsF^^^F i s  no t  obse rved , bu t  r e a c t io n  t o  g iv e  BF^^^F o r
18 -  18
AsF^ F i s  r a p id ,  and, i n  th e  case o f  BF^ F, com p le te .  Uptake
18
o f  AsF^ F by CsF i s  s m a l le r  due t o  s i n t e r i n g  and due t o  th e  
c o n s t r a in t s  upon a d s o rp t io n  o f  gas imposed by th e  po re  s t r u c t u r e .
CsBF^ p re p a re d  by t h i s  means undergoes no o b s e rv a b le  room
18 18 1 8 'te m p e ra tu re  F exchange w i t h  BF^ F, bu t F exchange between
BFg and BF^ i n  MeCN i s  r a p id  and c o m p le te .
^^F exchange i s  observed  between F^^FCO and a c t i v a t e d  CsF, t o g e th e r
18
w i t h  th e  fo r m a t io n  o f  F^ F CO . E x p e r im e n ts  c a r r i e d  ou t u s in g  
14F^ CO show t h a t  t h e r e  i s  more th a n  one adsorbed s p e c ie s  p re s e n t  
b o th  on th e  s u r fa c e  o f  th e  CsF and i n  th e  b u lk  o f  th e  s o l i d .
18 18 18 No F exchange i s  observed  between BF^ F o r  AsF^ F and u n t re a te d
CsF. The up takes  o f  gas a re  f a r  s m a l le r  r e f l e c t i n g  th e  s m a l le r
s u r fa c e  a re a .  The e x te n t  o f  th e se  r e a c t io n s  i s  com parab le  t o
18
t h a t  between a c t i v a t e d  CsF and th e  weaker Lew is  a c id  SF^ F.
18 18 35
No room te m p e ra tu re  F exchange i s  observed bu t F and S
e xp e r im e n ts  enab le  s u r fa c e  a d s o rp t io n  and b u lk  r e a c t io n  t o  be
d i f f e r e n t i a t e d .  15% o f  th e  s u r fa c e  sp e c ie s  a re  s t r o n g l y
adsorbed SF^ a n io n s .  The re m a in d e r  a re  w eak ly  adsorbed SF^
m o le c u le s .
Similar Lewis acid base reactions occur between untreated CsF
and SF^, bu t  due t o  th e  s m a l le r  s u r fa c e  a rea  o n ly  th e  b u lk
18r e a c t io n s  can be c o n v e n ie n t l y  f o l l o w e d .  F exchange i s  
18
observed  when SF F i n t e r a c t s  w i t h  NbF o r  A IF a l th o u g h  
35
e x p e r im e n ts  w i t h  SF^ show t h a t  a d s o rp t io n  i s  weak. S u r fa ce
s p e c ie s  a re  o n ly  observed i n  th e  p resence o f  a p re s s u re  
35
o f  SF^, w i t h  a l l  s u r fa c e  a c t i v i t y  b e in g  removed on rem ova l
35
o f  th e  gas. The r e a c t io n  o f  SF^ w i t h  p -UF^ r e s u l t s  i n  s t ro n g
18
a d s o r p t io n .  P re v io u s  work has shown t h a t  F exchange i s
18
observed  between SF^ F and p -  UF^ a t  room te m p e ra tu re .
The r e a c t io n  between CG^ and CsF has been th e  s u b je c t  o f  much 
debate  i n  th e  l i t e r a t u r e .  In  an e f f o r t  t o  c l a r i f y  th e  s i t u a t i o n  
a r a d i o t r a c e r  s tu d y  was u n d e r ta k e n .
The r e a c t io n  between CG^ and a c t i v a te d  CsF i s  b a r e ly  d e te c ta b le
14
b u t  e xp e r im e n ts  c a r r i e d  o u t  u s in g  CG^ c o n f i r m  t h a t  up take  o f  
gas o c cu rs  and t h a t  more th a n  one adsorbed s p e c ie s  i s  p re s e n t  
on th e  s u r fa c e  o f  th e  CsF.
The r e s u l t s  o b ta in e d  i n  t h i s  work show t h a t  m o le c u la r  a n a lo g ie s  
can be v e ry  u s e f u l  i n  d e s c r ib in g  th e  r e a c t io n s  w h ich  o c c u r  a t  





In  c a t a l y s i s  by s u p p o r te d  m e ta ls  a n a lo g ie s  have been made w i t h  th e  
c h e m is t r y  o f  m e ta l  atom c lu s t e r s  and w i t h  o r g a n o m e ta l l i c  compounds 
i n  g e n e r a l .
The aim o f  t h i s  work was t o  examine th e  u s e fu ln e s s  o f  m o le c u la r  
b e h a v io u r  i n  e x p la in in g  th e  r e a c t io n s  which o c c u r  a t  m e ta l h a l id e  
s u r fa c e s ,  i n  an a t te m p t  t o  d e te rm in e  t o  what e x te n t  m o le c u la r  
a n a lo g ie s  a re  u s e fu l  i n  u n d e rs ta n d in g  c a t a l y s i s  by m e ta l  h a l id e  
s u r fa c e s .
M e ta l h a l id e s  can behave as Lew is  bases, t h a t  i s  h a l id e  io n  donors 
o r  as Lew is  a c id s ,  t h a t  i s  h a l id e  io n  a c c e p to rs .  Complete t r a n s f e r  
o f  th e  h a l id e  io n  i s  n o t  a lways obse rved , r e s u l t i n g  i n  complexes 
w i t h  b r i d g in g  h a l id e s .  A b r i e f  d is c u s s io n  o f  some o f  th e  c h e m is t r y  
o f  th e  f l u o r i d e s  s tu d ie d  i n  t h i s  work i s  g iv e n  i n  s e c t io n s  1 .2  -  1 .4 , 
S e c t io n  1.1 re v ie w s  th e  v a r io u s  a c id -b a s e  d e f i n i t i o n s  and in c lu d e s  
a more d e t a i l e d  d is c u s s io n  o f  th e  p ro p o s a ls  o f  G.N. Le w is .
1.1 ACID-BASE DEFINITIONS
The e a r l i e s t  s tu d ie s  o f  a c id s  and bases were r e s t r i c t e d  t o
aqueous s o lu t i o n s  and were made w i t h  an in a d e q u a te  u n d e rs ta n d in g
1
o f  th e  p e c u l i a r i t i e s  o f  w a te r .  A r rh e n iu s  d e f in e d  a c id s  as 
subs tances  w h ich  d is s o c ia te d  i n  w a te r  t o  g iv e  hydrogen io n s  and 
bases as subs tances  which d i s s o c ia te d  t o  g iv e  h y d ro x id e  io n s .
T h is  d e f i n i t i o n  does no t  h o ld  f o r  s o lu t i o n s  i n  o th e r  s o lv e n ts  and 
does n o t  even g iv e  a t r u e  r e p r e s e n ta t io n  o f  th e  s i t u a t i o n  in
- 2 -
aquBüus s o l u t i o n .  Thermodynamic s tu d ie s  have shown t h a t  h y d r a t io n
o f  a f r e e  p ro to n  i s  a h ig h l y  e x o th e rm ic  r e a c t io n  and hence f r e e
H io n s  a re  u n l i k e l y  t o  e x i s t  i n  any a p p re c ia b le  c o n c e n t r a t io n  
2
in  w a te r  . The d i s s o c i a t i o n  o f  an a c id  i n  w a te r  i s  t h e r e f o r e  
presumed t o  le a d  t o  a h y d ra te d  p ro to n  H Caq), u s u a l l y  re p re s e n te d  
by HgO+ and r e f e r r e d  to  as th e  hydroxon ium  i o n . When an a c id  
d is s o c ia t e s  i n  anhydrous e t h y l  a lc o h o l  i t  g iv e s  th e  C^H^OH^+ c a t io n  
and i n  l i q u i d  ammonia i t  g iv e s  th e  NH^+ c a t io n .
S i m i l a r l y  w i t h  bases. Sodium h y d ro x id e  i s  a s t ro n g  base i n  w a te r  
g i v i n g  th e  h y d ro x id e  io n ,  OH , b u t  i n  anhydrous a lc o h o l  th e  
a n ion  p re s e n t  i s  C^H^O . T h is  a n ion  i s  a ls o  p re s e n t  i n  s o lu t i o n s  
o f  amines i n  e t h y l  a l c o h o l .  In  l i q u i d  ammonia th e  a n io n  p re s e n t  
i s  NH^ .
These examples c l e a r l y  show t h a t  a c id s  and bases canno t be d e f in e d
s im p ly  as subs tances  w h ich  d i s s o c ia t e  i n  w a te r  t o  g iv e  th e  io n s
+  —
H and OH r e s p e c t i v e l y .
1 .1 .1  LOWRY -  BRONSTEO THEORY OF ACIDS ANO BASES
3 < , 4
In  1923 Lowry and B rons ted  in d e p e n d e n t ly  d e f in e d  an a c id
as a compound o r  io n  w i t h  a tendency  t o  lo s e  a p ro to n ,
and a base as a compound o r  io n  w i t h  a tenden cy  t o  g a in
a p r o to n .  T h is  can be expressed by th e  g e n e ra l  e q u i l i b r i u m
shown below
A c id  Base + P ro ton
-3-
□n lo s in g  a p ro to n  th e  a c id  A becomes a base B. The base 
w i l l  th e n  te n d  to  re g a in  th e  p ro to n  and r e v e r t  t o  th e  
a c id  A. The a c id  and base a r i s i n g  f ro m  t h i s  e q u i l i b r i u m  
a re  commonly r e f e r r e d  t o  as a c o n ju g a te  a c id  -  base p a i r .
The Lowry -  B ro n s te d  d e f i n i t i o n  a l lo w s  f o r  t h r e e  d i f f e r e n t  
ty p e s  o f  a c id ,  m o le c u la r ,  c a t i o n i c  and a n io n ic .  M o le c u la r  
a c id s  a re  th o s e  such as h y d r o c h lo r i c  and s u lp h u r i c  wh ich 
lo s e  p ro to n s  t o  g iv e  th e  c h lo r i d e  and hydrogen s u lp h a te  
io n s  as c o n ju g a te  bases. C a t io n ic  a c id s  l i k e  th e  
hydroxon ium  and ammonium io n s  lo s e  p ro to n s  t o  g iv e  w a te r  
and ammonia as c o n ju g a te  b a s e s . A n io n ic  a c id s  a re  
a n io n s  such as hydrogen s u lp h a te  wh ich  lo s e  a p ro to n  t o  
fo rm  t h e i r  c o n ju g a te  base.
The d e f i n i t i o n  a ls o  a l lo w s  f o r  tw o  d i f f e r e n t  ty p e s  o f  
base. M o le c u la r  bases such as ammonia and e th y la m in e ,  
w h ich  combine w i t h  p ro to n s  t o  g iv e  th e  c o r re s p o n d in g  
c a t io n s ,  and an ion  bases such as th e  h y d ro x id e  and a c e ta te  
i o n s ,  w h ich  combine w i t h  p ro to n s  t o  g iv e  uncharged 
m o le c u le s .
A l th o u g h  t h i s  d e f i n i t i o n  a p p l ie s  t o  a w ide  range o f  
systems i t  s u f f e r s  f rom  two m a jo r  f a u l t s .  The a c id  must 
c o n ta in  hydrogen and n o th in g  i s  s p e c i f i e d  about th e  
a to m ic  s t r u c t u r e  o f  th e  base.
1 .1 .2  THE SOLVENT SYSTEM DEFINITION
The s o lv e n t  system d e f i n i t i o n  was deve loped f ro m  th e
-4-
fu n d a m e n ta l id e a s  o f  E.C. F r a n k l i n  by c h e m is ts  e x p lo r in g  
th e  c h e m is t r y  o f  a number o f  non aqueous sys tem s^ .
W i th in  t h i s  c l a s s i f i c a t i o n  an a c id  i s  d e f in e d  as any
subs tance  t h a t  y i e l d s ,  e i t h e r  by d i r e c t  d i s s o c i a t i o n
o r  by i n t e r a c t i o n  w i t h  th e  s o l v e n t , th e  c a t io n  c h a r a c t e r i s t i c
o f  t h a t  s o lv e n t .  A base i s  d e f in e d  as any subs tance
t h a t  y i e l d s  e i t h e r  by d i r e c t  d i s s o c ia t i o n  o r  by i n t e r a c t i o n
w i t h  th e  s o lv e n t ,  th e  an ion  c h a r a c t e r i s t i c  o f  th e  s o lv e n t .
Bo th  donor and a c c e p to r  a c id s  and bases can be d e f in e d .
A donor a c id  i s  a subs tance  t h a t  can s p l i t  o f f  s o lv e n t  
c a t io n s  o r  u n i t e  w i t h  s o lv e n t  m o le cu le s  t o  fo rm  c a t io n s .
An a c c e p to r  a c id  i s  a subs tance  t h a t  can combine w i t h  
s o lv e n t  a n io n s .  S i m i l a r l y  f o r  bases, a dono r base i s  a 
subs tance  t h a t  can s p l i t  o f f  s o lv e n t  an io n s  o r  u n i t e  
w i t h  s o lv e n t  m o le cu le s  t o  fo rm  a n io n s ,  and an a c c e p to r  
base i s  a subs tance  t h a t  can combine w i t h  s o lv e n t  c a t io n s .
The s o lv e n t  system d e f i n i t i o n  i s  u n s a t i s f a c t o r y  because 
a c id  base phenomena are  no t r e s t r i c t e d  t o  s e l f  i o n i s i n g  
s o l v e n t s .
The A r r h e n iu s ,  Lowry, B rons ted  and s o lv e n t  system 
d e f i n i t i o n s  o f  a c id s  and bases a l l  have t h e i r  f a u l t s  
and are r e s t r i c t e d  i n  t h e i r  a p p l i c a t i o n .  A much more
w ide  ra n g in g  d e f i n i t i o n  was f i r s t  p roposed by G.N. Lew is
B 7
i n  1923 and f u r t h e r  emphasised i n  1938 .
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1 .1 .3  THE LEWIS ACID-BASE DEFINITION
Lew is d e f in e d  a b a s ic  substance  as one "w h ich  has a lone  
p a i r  o f  e le c t r o n s  w h ich  may be used t o  com p le te  th e  
s t a b le  g roup o f  a n o th e r  a to m ," and an a c id i c  substance  
as one "w h ich  can employ a lone  p a i r  f ro m  a n o th e r  
m o le cu le  i n  c o m p le t in g  th e  s t a b le  group o f  i t s  own 
a to m s . ” He a ls o  proposed t h a t  one o f  th e  main o p e r a t io n a l  
c r i t e r i a  o f  an a c id  be t h a t  a s t r o n g e r  a c id  be a b le  t o  
d is p la c e  a weaker a c id  f rom  i t s  a c id  base com plexes.
The fu n d a m e n ta l a c id  base r e a c t io n  i s  th e  fo rw a rd  s tep  
o f  e q u i l i b r i u m  1.
A + B ^  A : B 
A c id  Base Adduct 1
E q u i l i b r i a  2 - 4  show th e  r e la t e d  h e t e r o l y t i c  p rocesses  
w h ich  f o l l o w  f ro m  th e  fundam en ta l r e l a t i o n s h i p .
1 2  2 1 
A ' + A  : B ? ^ A  + A  : B  2
1 2 2 1 
B :  + A : B % i B :  + A : B 3
A \  B^ + P?: B^ ^  A^B^ + A^b'^ 4
The Lew is  d e f i n i t i o n  cove rs  th e  p r e v io u s ly  d is cu sse d  
d e f i n i t i o n s  due t o  Lowry and B rons ted  and th e  s o lv e n t  
system  d e f i n i t i o n s .  Fo r  example e q u i l i b r i u m  5 shows a 
t y p i c a l  B ro n s te d -L o w ry  a c id -b a s e  e q u i l i b r i u m .  T h is  i s  
e q u iv a le n t  t o  e q u i l i b r i u m  3 w i t h  th e  p ro to n  i n  5 
r e p r e s e n t in g  th e  Lew is a c id  i n  3.
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1 2 +  1 + 2 
B + B : H ^ B  : H  + B
S i m i l a r l y  f o r  t h e  s o lv e n t  systems approach .
E q u i l i b r i u m  6 shows th e  r e a c t io n  o c c u r r in g  i n  l i q u i d  
ammonia between th e  s o lv e n t  systems a c id  NH^Ci and 
th e  s o lv e n t  systems base NaNH^.
NH^ + Cl + Na^ + NH^ ^  2NH^ + Na"  ̂ + C l ”  6
T h is  e q u i l i b r i u m  can be r e w r i t t e n  as shown i n  7.
NH^ + NH”  NH^ + NH^ 7
Adduct Base Adduct Base 
The Lew is  d e f i n i t i o n s  a re  w id e ly  a p p l i c a b le .  U n fo r t u n a t e ly  
t h e y  s u f f e r  f ro m  th e  absence o f  a u n i fo rm  s c a le  o f  
a c id  o r  base s t r e n g th s .  In s te a d  th e s e  are made v a r ia b le  
by dependence upon th e  r e a c t io n  o r  method used f o r  
t h e i r  e v a lu a t io n  hence th e  e v o lu t i o n  o f  th e  h a r d / s o f t  a c i d /  
base fo rm a l is m  o f  R.G. P ea rson . ^
Lew is  p roposed t h a t  a s t ro n g  a c id  shou ld  be ab le  t o  
d is p la c e  a weaker a c id  from  i t s  a c id  base com plexes. 
A c c o r d in g ly  th e  s tu d y  o f  a la r g e  number o f  d isp la ce m e n t 
r e a c t io n s  o f  th e  ty p e  shown i n  e q u a t io n  1.1 shou ld  
a l lo w  an o r d e r in g  o f  th e  s t r e n g th s  o f  a c id s  i n  a g iv e n  
s e r ie s  to w a rd s  a p a r t i c u l a r  base.
1 1 A + B : A —* B : A  + A e q u a t io n  1.1
- / -
A more q u a n t i t i v e  measure may be o b ta in e d  by m easur ing  
th e  e n th a lp y  change accompanying th e  f o l l o w i n g  r e a c t io n  
f o r  a s e r ie s  o f  a c id s  and a r e fe r e n c e  base.
A + B — A : B
Based on Hess ’ s Law and th e  assum ption  t h a t  th e
d is p la c e m e n t  t h a t  o ccu rs  has a n e g a t iv e  AH, th e  o rd e r
o f  a c i d i t y  tow a rd  th e  r e fe re n c e  base may be ta k e n  as th e
o r d e r  o f  e x o th e r m ic i t y  o f  th e  r e a c t i o n .  In  p r a c t i c e
t h i s  t y p e  o f  r e a c t io n  has been s tu d ie d  most f r e q u e n t l y
i n  s o l u t i o n ,  o c c a s io n a l l y  w i t h  fo r m a t io n  o f  an in s o lu b le
p ro d u c t  o r  r e a c ta n t  o r  b o th .  I n d i r e c t l y  r e l a t e d  p r o p e r t i e s
such as s o l u b i l i t i e s  o r  s u b l im a t io n  te m p e ra tu re s  have
a ls o  been used as c r i t e r i a  f o r  a c i d i t y  o rd e rs .  In  th e se
cases d i f f e r e n c e s  i n  s o l v a t io n  e n e rg ie s  o f  p ro d u c ts  and
r e a c t a n t s ,  o r  l a t t i c e  energy  e f f e c t s ,  o r  b o th ,  may
obscure  a c i d i t y  d i f f e r e n c e s .  A f u r t h e r  c o m p l ic a t io n
o c cu rs  i n  th e  assum ption  t h a t  th e  o rd e r  o f  th e  a c id
s t r e n g th  i s  indepe nden t o f  th e  re fe re n c e  base. W i th in
re c e n t  y e a rs  i t  has been shown t h a t  th e  o r d e r  o f  a c id
s t r e n g th s  i s  indeed  a f f e c te d  by th e  r e fe re n c e  base 
9 , 10
chosen.
F lu o r id e  io n  a f f i n i t i e s  are most commonly used when 
com paring  th e  a c i d i t i e s  o f  i n o r g a n ic  f l u o r i d e s .  There 
have been s e v e ra l  i n v e s t i g a t i o n s  o f  th e  r e l a t i v e  a d d i t i v e s  
o f  in o r g a n ic  f l u o r i d e s  based on f l u o r i d e  io n  a f f i n i t i e s .
The r e s u l t s  o f  th e se  s tu d ie s  i n  wh ich a w ide v a r i e t y  o f  
approaches and f l u o r i d e  io n  donors  have been used are 
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The o rd e rs  o b ta in e d  are  s i m i l a r  a l th o u g h  th e r e  a re  
o c c a s io n a l  p o s i t i o n a l  changes between s tu d ie s  
em phas is ing  th e  dependence o f  th e  o r d e r  on th e  f l u o r i d e  
io n  dono r and r e a c t io n  method used.
The most r e c e n t  o r d e r  o f  a c i d i t i e s  i s  based on an io n
17c y c lo t r o n  resonance s tu d y  o f  gas phase io n  a f f i n i t i e s ,  
The gas phase io n  a f f i n i t y  i s  d e f in e d  as th e  n e g a t iv e  
e n th a lp y  change f o r  th e  r e a c t io n .
A (g )  + X (g) — AX [g ]
A l l  com parisons  o f  Lew is a c i d i t y  d is c u s s e d  i n  t h i s  work 
a re  based on t h i s  s c a le  as i t  i s  indepe ndan t o f  e x te r n a l  
f a c t o r s .
A l th o u g h  io n  c y c lo t r o n  resonance s tu d ie s  g iv e  an a c i d i t y
s c a le  w h ich  i s  indepe ndan t o f  e x tra n e o u s  f a c t o r s ,  th e
r e l i a b i l i t y  o f  i n d i v i d u a l  measurements such as F io n
a f f i n i t i e s  w i l l  depend on th e  r e l i a b i l i t y  o f  a n c i l l a r y
da ta  used i n  th e  a p p r o p r ia te  e n th a lp y  c y c le .  An example
o f  t h i s  i s  th e  d isagreem ent o v e r  th e  f l u o r i d e  io n  a f f i n i t y
18o f  boron t r i f l u o r i d e .  A l t s h u l l e r  p u b l is h e d  a v a lu e
-1 1 7 , 1 9
o f  -296 KJ mol w h ich  was accep ted  by s e v e ra l  a u th o rs
as th e  b a s is  f o r  o th e r  f l u o r i d e  io n  a f f i n i t i e s  and e le c t r o n
20 -1 
a f f i n i t i e s .  Sharpe proposed a v a lu e  o f  -380 KJ mol
21
based on th e  da ta  o f  B i l l s  and C o t to n .  A l th o u g h  t h i s
v a lu e  i s  i n  agreement w i t h  o th e r  f l u o r i d e  io n  a f f i n i t i e s
and e le c t r o n  a f f i n i t i e s  i t  was o n ly  c o n f i rm e d  i n  1983
22
by B a r t l e t t  and cow orke rs  who c a lc u la t e d  a v a lu e  o f
-9-
+  — ^
-384  -  25 KJ jnol . I t  i s  t h e r e f o r e  most im p o r ta n t  
t o  check th e  v a l i d i t y  o f  a l l  d a ta  used i n  th e s e  
c a l c u l a t i o n s  v e ry  c a r e f u l l y .
A l th o u g h  th e  o r i g i n a l  Lew is d e f i n i t i o n s  were based on 
homogeneous systems th e y  can be a p p l ie d  t o  he te rogeneous 
g a s - s o l i d  r e a c t io n s  i f  th e  a c id -b a s e  d e f i n i t i o n s  are 
r e s ta te d  as f o l l o w s .
A Lew is  a c id  s i t e  on a s o l i d  s u r fa c e  i s  a s i t e  w h ich  
has an unoccup ied  o r b i t a l  w i t h  a h ig h  a f f i n i t y  
f o r  an e le c t r o n  p a i r ,  so t h a t  a m a jo r  decrease  in  
energy  i s  o b ta in e d  when such a s i t e  shares  an e le c t r o n  
p a i r  donated by an adsorbed base m o le c u le .  Lew is  
base s i t e s  on th e  s u r fa c e  a re  th o s e  which have e le c t r o n  
p a i r s  a v a i l a b l e  a t  a h ig h  energy  l e v e l  and a m a jo r
decrease in  energy  i s  o b ta in e d  i f  t h e y  share  t h i s
!
e le c t r o n  p a i r  w i t h  an adsorbed e le c t r o n  p a i r  a c c e p to r .
I t  would seem t h e r e f o r e  t h a t  th e  Lew is  a c id  base 
d e f i n i t i o n s  a re  th e  most s u i t a b le  f o r  d e s c r ib in g  
he te rogeneous  gas s o l i d  r e a c t io n s ,  and t h a t  io n  
c y c lo t r o n  resonance s tu d ie s  g iv e  th e  most r e l i a b l e  
measure o f  Lew is  a c i d i t y  so lo n g  as th e  r e l i a n c e  o f  
t h e  a b s o lu te  v a lu e s  o f  f l u o r i d e  a f f i n i t i e s  on th e  
a c cu ra cy  o f  th e  d a ta  used t o  c a l c u la t e  them i s  n o te d .
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The c h e m is t r y  o f  th e  f l u o r i d e s  s tu d ie d  i s  b r i e f l y  
d is c u s s e d  i n  s e c t io n  1 .2  t o  1 .4 .  As CsF and SF^ were 
in v o lv e d  more o f t e n  th a n  any o f  th e  o t h e r  f l u o r i d e s ,  
a more d e t a i l e d  re v ie w  o f  t h e i r  p r o p e r t i e s  i s  p re s e n te d ,
1 .2  CHEMISTRY OF THE LEWIS ACIDS
The re a c t io n s  o f  th e  Lew is  a c id s  AsF^, BF„, and F_CO w i t h  CsF
b j  2
have been s tu d ie d .  In  a d d i t i o n  t o  th e se  systems th e  
r e a c t io n s  o f  A IF ^ ,  NbF^, CsF and pUF^ w i t h  SF^ w h ich  can 
behave as b o th  a Lew is a c id  and a Lew is  base have a ls o  been 
s t u d ie d .
AsF^ , BFg, CQ^ and F^CO a re  a l l  gases a t  room te m p e ra tu re  
t h e i r  Lew is a c id  s t r e n g th s  in c re a s e  i n  th e  o rd e r :
C0^< F^CO <BFg<AsFg
AsFg and BF^ a re  b o th  s t ro n g  Lew is a c id s  and re a c t  r e a d i l y
w i t h  f l u o r i d e s  io n  donors  t o  fo rm  adduc ts  c o n ta in in g  th e
-  -  23 24
AsFg and BF^ a n ions  r e s p e c t i v e l y .
25
The AsFg an ion  i s  o c ta h e d ra l  as shown i n  f i g u r e  1.1 BF^ 
i s  s l i g h t l y  d i s t o r t e d  fro m  t e t r a h e d r a l  symmetry. F ig u re  1 .2  
shows th e  a tom ic  arrangem ent i n  [SF^)'*' [BF^]
C arbony l f l u o r i d e  i s  a weak Lewis a c id  w h ich  i s  used i n  o rg a n ic  
s y n th e s is  t o  f l u o r i n a t e  u n s a tu ra te d  compounds. I t s  r e a c t io n  w i t h
F
F FAs"
F ^  I ^ F
F
Fi gure  1 1  The s t r u c t u r e  of As
2.624 v2.fc24
1.337
Fi gure  1-2 The s t r u c t u r e  of  BF^SF^*^
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CsF has been w id e ly  s tu d ie d  and i t  has been shown t h a t  i f  th e
+
r e a c t io n  i s  c a r r ie d  ou t i n  th e  p resence  o f  a c e t o n i t r i l e  Cs 
27
□CFg i s  fo rm ed . No r e a c t io n  has been re p o r te d  i n  th e  absence 
o f  a c e t o n i t r i l e .
S p e c t ro s c o p ic  s tu d ie s  o f  th e  OCF a n ion  have in d ic a t e d  t h a t
2S
i t  has symmetry. E xa m in a t io n  o f  th e  band p o s i t i o n s
i n d i c a t e s  t h a t  th e  C-0 bond i s  i n te r m e d ia te  between a s in g le  and 
a doub le  bond, th u s  s u g g e s t in g  t h a t  resonance s p e c ie s  are 
in v o lv e d .  T h is  i s  su p p o r te d  by th e  x - r a y  s in g le  c r y s t a l  
d i f f r a c t i o n  a n a ly s is  o f  IAS CF^O ( f i g u r e  1 .3 )  w h ich  shows 
t h a t  th e  C-F bonds o f  th e  CF^O an ion  a re  e x c e p t i o n a l l y  long  
and th e  C-0 bond s h o r t  compared w i t h  th e  c o r re s p o n d in g  gas-phase 
e x p e r im e n ta l  v a lu e s  f o r  CF^OR. The C-0 bond le n g th  approaches 
t h a t  f o r  th e  C=G bond i n  CF2=0.
The presence  o f  resonance s t r u c t u r e s  i s  a ls o  in d i c a t e d  by th e  
r e s u l t s  o f  M u l l i k e n  p o p u la t io n  a n a ly s is  w h ich  show t h a t  each 
F i n  th e  CF^O c a r r i e s  an a d d i t i o n a l  ch a rg e .  F ig u re  1 .4  
shows th e  f o u r  h y p e rc o n ju g a t iv e  resonance s t r u c t u r e s  w h ich  a re  
proposed t o  c o n t r i b u t e  t o  th e  bond ing  i n  CF^O .
The r e a c t io n  between caesium f l u o r i d e  and CG^ i s  more complex 
and th e  p u b l is h e d  r e s u l t s  have aroused a g r e a t  d e a l  o f  
c o n t r o v e rs y .
In  1971 M a r t in e a u  and M i ln e ^ ^  re p o r te d  th e  p r e p a r a t io n  o f  









F i g u r e  1-3 The s t r u c t u r e  of  TAS'^'CFO
























F i g u r e  1-4 C F̂ O “ R e s o n a n c e  s t r u c t u r é s
- I  z -
th e  p r o d u c t  b e in g  c h a r a c te r i s e d  s p e c t r o s c o p i c a l l y  and on th e  
b a s is  o f  Cs and F a n a ly s é s .
Subsequent a t te m p ts  t o  re p roduce  th e se  r e s u l t s  have no t been
31s u c c e s s fu l .  In  1979 L a w lo r  and Passmore suggested  t h a t  r a t h e r
2 -
than  o b s e rv in g  th e  CO^F^ a n io n ,  M a r t in e a u  and M i ln e  were i n  
f a c t  o b s e rv in g  h y d r o l y s i s  p ro d u c ts  caused by th e  p resence  o f  
w a te r  i n  t h e i r  a c e t o n i t r i l e .
F u r t h e r  doubt was c a s t  on th e  v a l i d i t y  o f  M a r t in e a u  and M i l n e ’ s
32
r e s u l t s  by D av id  and A u l t  i n  1985. They c a r r i e d  ou t a m a t r i x
2 -
i s o l a t i o n  s tu d y  o f  th e  CG^F^ an ion  and t h e i r  i n f r a - r e d  d a ta  
d id  n o t  agree w i t h  t h a t  o f  M a r t in e a u  and M i ln e .  Dav id  and 
A u l t  e x p la in e d  t h i s  d isag reem en t by s u g g e s t in g  l i k e  L a w lo r  
and Passmore i n  1979 t h a t  M a r t in e a u  and M i ln e  had o b ta in e d  i n f r a  
re d  s p e c t ra  o f  a h y d r o l y s i s  p ro d u c t  r a t h e r  th a n  o f  Cs^CD^F^.
Both  a lu m in iu m  t r i f l u o r i d e  and n io b iu m  p e n t a f l u o r i d e  are
w h i te  c r y s t a l l i n e  s o l i d s .  The A IF ^ u n i t  c e l l  has a d i s t o r t e d
hexagona l c lo s e  packed s t r u c t u r e  w i t h  each a lum in ium  surrounded
by th r e e  f l u o r i n e  atoms a t  a d is ta n c e  o f  1 .70A ° and th r e e  a t
1 .89A ° . NbFg adop ts  th e  molybdenum p e n t a f l u o r i d e  s t r u c t u r e .
T h is  c o n s is t s  o f  t e t r a m e r i c  u n i t s  c o n ta in in g  f o u r  m e ta l atoms
w i t h  f o u r  c o p la n a r  b r id g in g  f l u o r i n e  atoms as shown i n  f i g u r e  
341 .5  A lFg  i s  i n v o l a t i l e  a t  room te m p e ra tu re  whereas NbF^ i s
s l i g h t l y  v o l a t i l e  and i s  r e a d i l y  h y d r o l i s e d  by m o is t  a i r .  NbF^
fo rm s a number o f  f l u o r i n e  b r id g e d  complexes w i t h  Lew is bases 
23such as SeF^ hence r a d i o t r a c e r  s tu d ie s  o f  NbF^ w i t h  gaseous
o = F ® =NbNbR
Figure 1 5  The s t r u c t u r e  of NbF^
-13-
Lewis bases s h o u ld  p ro v id e  in f o r m a t io n  on th e  fo r m a t io n  o f  
th e s e  f l u o r i n e  b r id g e d  s p e c ie s .
L ik e  caesium f l u o r i d e ,  a lu m in iu m  t r i f l u o r i d e  i s  a w id e ly
35
used c a t a l y s t  i n  o rg a n ic  c h e m is t r y  so i t s  use i n  t h i s  
work a l lo w s  com parison  o f  th e  r e a c t io n s  o f  bo th  a s o l i d  
Lew is  a c id ,  t h a t  i s  A IF ^  and a s o l i d  Lew is  base t h a t  i s  CsF 
w i t h  SF^.
1 .3  STRUCTURE AND CHEMISTRY OF SULPHUR TETRAFLUGRIDE
SF^ i s  a c o lo u r le s s  gas a t  room te m p e ra tu re .  I t s  s t r u c t u r e  i s  
t h a t  o f  a d i s t o r t e d  t r i g o n a l  b ip y ra m id  i n  w h ich  two f l u o r i n e  
atoms and th e  unshared e le c t r o n  p a i r  are in  th e  e q u a t o r i a l  
p o s i t i o n s  and th e  o th e r  two f l u o r i n e s  are in  th e  a x i a l  
p o s i t i o n s ,  ( f i g u r e  1 . 6 ] ^ ^ ' ^ ^
SF^ r e a c ts  w i t h  a w ide range o f  Lew is  a c id s  as shown be low  t o
+
fo rm  adduc ts  c o n ta in in g  th e  SF„ c a t i o n .
MF = BF . PF^. AsFg, SbF^, HF, I r F ^ .  AsF^
4"
The SFg c a t io n  e x h i b i t s  C^^ symmetry as shown in  f i g u r e  1 .7 .  
F ig u re s  1 .2  and 1 .8  show th e  c r y s t a l  s t r u c t u r e s  o f  th e  adduc ts  








F i g ur e  17  The  s t r u c t u r e  of  SF^




Figuré 1 9  The s t r u c t u r e  of SF
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38 39
S u lp h u r  t e t r a f l u o r i d e  a ls o  r e a c ts  w i t h  CsF o r  Me^NF
t o  fo rm  adduc ts  c o n ta in in g  th e  SF^ a n io n .  The s t r u c t u r e  o f
th e  a n io n  has been c h a r a c te r is e d  s p e c t r o s c o p ic a l l y  as b e in g
40
square p y ra m id a l  [C ^ ^ ] .  [F ig u r e  1 .9 ]
I n  a d d i t i o n  t o  th e  Lew is a c id  base ty p e  r e a c t io n s  p r e v io u s ly
d e s c r ib e d ,  SF^ i s  a ls o  w id e ly  used i n  o rg a n ic  r e a c t io n s  as
a f l u o r i n a t i n g  agent most commonly f o r  f l u o r i n a t i o n  o f  a
41




2 . CH-(CH ) - n  CHO —  CH-(CH_) n-CHF_
3 2 50 -B 0° .  8h r  ^ ^ ^
3. R CO^H + SF^ —  RCOF + HF + SOF^
HF
4. R COF + SF^ —  RCFg + SOF^
F l u o r i n a t i o n  by SF^ i s  no t r e s t r i c t e d  t o  c a rb o n y l  oxygen. 
Oxygen d o u b ly  bonded t o  a r s e n ic ,  io d in e  o r  phosphorus i s  
s i m i l a r l y  re p la c e d  by two f l u o r i n e  atoms. SF^ i s  a ls o  v e ry  
u s e fu l  f o r  r e p la c in g  th e  h y d ro x y l  g roups  o f  p r im a r y ,  seconda ry  
and t e r t i a r y  a lc o h o ls ,  c a r b o x y l i c  a c id s  and s u lp h o n ic  a c id s  
w i t h  a f l u o r i n e  atom.
SF^ can a ls o  be used t o  i n t r o d u c e  f l u o r i n e  i n t o  o rg a n ic  
compounds by rep lacem en t o f  c h lo r i n e ,  b rom ine  o r  io d in e  atoms
-15-
by f l u o r i n e ,  a l th o u g h  r e l a t i v e l y  h ig h  te m p e ra tu re s  a re  
r e q u i r e d .  F o r  example m e ta th e s is  o f  carbon t e t r a c h l o r i d e  w i t h  
s u lp h u r  t e t r a f l u o r i d e  r e q u i r e s  a te m p e ra tu re  o f  225 -235 ° .
SF4
CCI ^ CCI F + CCI F + CC1F„
225-235
The p re v io u s  examples show t h a t  SF^ can undergo a w ide  range
o f  c h e m ic a l r e a c t io n s ,  and e x h i b i t  bo th  Lew is a c id  and Lew is
18
base b e h a v io u r .  T h is ,  t o g e th e r  w i t h  th e  a v a i l a b i l i t y  o f  F 
35
a n d  S r a d i o t r a c e r s  makes SF^ a v e ry  u s e fu l  subs tance  f o r  
th e  s tu d y  o f  Lew is  a c id -b a s e  r e a c t io n s .
1 .4  CAESIUM FLUORIDE AS A CATALYST AND A BASE
A l k a l i  m e ta l  f l u o r i d e s  have been w id e ly  used as c a t a l y s t s  i n  
a whole range o f  s y n t h e t i c  r e a c t io n s .  They a re  f a i r l y  s t ro n g  
bases and have a number o f  advantages o v e r  o th e r  bases. 
R e a c t io n s  conducted  i n  th e  p resence o f  a l k a l i  m e ta l  f l u o r i d e s  
g iv e  h ig h  y i e l d s ,  p roceed s e l e c t i v e l y  and w i th o u t  fo rm a t io n  
o f  any b y -p r o d u c ts .  R e a c t io n s  i n v o l v i n g  c o n v e n t io n a l  bases 
such as h y d ro x id e s  o r  a l k a l i  m e ta l ca rbona te s  u s u a l l y  r e s u l t  
i n  th e  f o r m a t io n  o f  unwanted by p ro d u c ts .  The a b i l i t y  o f  a 
m e ta l f l u o r i d e  t o  a c t  as a c a t a l y s t  depends on th e  n u c l e o p h i l i c  
p r o p e r t i e s  o f  F so i t  i s  v i t a l l y  im p o r ta n t  t h a t  th e  CsF i s  
d ry  because o f  th e  s t r e n g th  o f  th e  hydrogen bonds form ed by 
th e  f l u o r i d e  io n .
S tu d ie s  c a r r i e d  ou t w i t h  v a r io u s  a l k a l i  m e ta l f l u o r i d e s  have 
shown caesium f l u o r i d e  t o  be th e  most a c t i v e .  The o v e r a l l
-16-
o r d e r  o f  a c t i v i t y  g e n e r a l l y  found  i n  s y n t h e t i c  and c a t a l y t i c
 ̂ . 42work i s :
C s F >  R bF >  KFZ^NaF >  L1F ‘
I l l u s t r a t i v e  examples o f  th e  use o f  a l k a l i  m e ta l f l u o r i d e s  
i n  s y n t h e t i c  r e a c t io n s  a re  g iv e n  be low .
1 .4 .1  E l i m i n  a t i o n  o f  hydrogen h a l id e s
The b a s ic  p r o p e r t i e s  o f  a l k a l i  m e ta l f l u o r i d e s  were
f i r s t  observed  i n  d e h y d ro h a lo g e n a t io n  r e a c t io n s .  In
th e  r e a c t io n  o f  3 -  c h lo ro p r o p a n o ic  a c id  w i t h  po tass ium
43
f l u o r i d e ,  th e  fo r m a t io n  o f  a c r y l i c  a c id  was obse rved .
C l -  CH -  CH -  CÜOH ^  H C = CH -  COÜH 
^ ^ 68%
In  th e  p resence  o f  a l k a l i  m e ta l  f l u o r i d e s  f l u o r o - a m in o  
g roups a re  c o n v e r te d  t o  f l u o r o im in o  and n i t r i l e  g roups,
CsFF
F^N -  CH^ -  CH -  NF^ — N = C  -  CF = NF
R e a c t io n  o f  h a lo o rg a n ic  compounds w i t h  a lc o h o ls  o r  
p heno ls  i n  th e  p resence o f  m e ta l f l u o r i d e s  le a d s  t o  








3" 2 5 ' 6 5
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1 .4 .2  MICHAEL REACTIONS
The n u c l e o p h i l i c  a d d i t i o n  o f  an e n o la te  o r  ana logous 
an ion  t o  th e  c a rb o n -ca rb o n  doub le  bond o f  an 
u n s a tu ra te d  ke to n e ,  a ldehyd e , n i t r i l e  o r  c a r b o x y l i c  a c id  
d e r i v a t i v e  i s  a p rocess  known as th e  M ich a e l r e a c t io n .
The use o f  a l k a l i  m e ta l  f l u o r i d e s  in  th e s e  r e a c t io n s  
in s te a d  o f  th e  t r a d i t i o n a l l y  used am ines, a lk o x id e s ,  
ammonium s a l t s  o f  o rg a n ic  a c id s ,  o r  a l k a l i  h y d ro x id e s  
makes i t  p o s s ib le  t o  c a r r y  o u t  th e  r e a c t io n s  under m i ld e r  
c o n d i t i o n s  and in c re a s e s  th e  y i e l d s  o f  r e a c t io n  p ro d u c ts .
46
HgC -  CH = CH
CGOC„H^





1 .4 .3  KNOEVENAGEL REACTIONS
The condensation o f  an a c t i v e  m ethy lene  compound and an
a ldehyde o r  ke tone  w i t h  e l i m i n a t i o n  o f  w a te r  f ro m  th e
in te r m e d ia te  a ld o l  p ro d u c t  i s  known as th e  Knoevenagel 
46
r e a c t io n .
/COOC H





Me CGCH^Me + NCCH^CG^Et ÜE MeCCEt)—  C[CN] CG^Et
- IB -
1 .4 .4  DECARBOXYLATION
The use o f  a l k a l i  m e ta l f l u o r i d e s  as d e c a r b o x y la t in g
agen ts  was f i r s t  d is c o v e re d  i n  1948 by Nesmeyanov and 
43
cow orke rs  when th e y  i s o l a t e d  c h lo r o fo rm  when a t te m p t in g  
t o  o b ta in  t r i f l u o r o a c e t i c  a c id  f ro m  t r i c h l o r o a c e t i c  
a c id  i n  t h e  presence o f  p o tass ium  f l u o r i d e .
KF
Cl C -  COOH — C l CH
^ 70-100%
T h is  r e a c t io n  p roved t o  be a p p l i c a b le  t o  a w ide range
o f  a c id s .  H e a t in g  o f  d i c a r b o x y l i c  a c id s  w i t h  p o tass ium
f l u o r i d e  r e s u l t s  i n  p a r t i a l  d e c a r b o x y la t io n  w h ich  le a d s  
48
t o  c y c l i c  ke to n e s .
H^C -  CH^ COOH
H^C -  CH^ -  COOH
KF
O
1 .4 .5  REACTIONS OF FLUORINE CONTAINING COMPOUNDS
When heated w i t h  caesium f l u o r i d e  in  th e  p resence o f  a 
s o lv e n t ,  F - b u ta - 1 , 3 -d ie n e  i s  t r a n s fo rm e d  t o  F - b u t . - 2 - y n e .
CciF
FgC = CF -  CF = CF^ FgC -  C =C  -  CF^
In  t h e  presence o f  caesium o r  p o ta ss iu m  f l u o r i d e .
49
-19-
F -m e th y le n e c y c lo p e n ta n e  i s  a lm os t q u a n t i t a t i v e l y  




A l K a l i  m e ta l f l u o r i d e s  a ls o  c a ta ly s e  a number o f  p rocesses  
w h ich  le a d  t o  f l u o r i n e  c o n ta in in g  lo n g  c h a in  p o lym e rs .
n F^C = CF; CsF ^8^18 *  ^12^24
51
CsF
100°C [ CF3- C - 0  -  CH^ -  CH^ -  □ -  CF„ ]
mol mass = 118000
1 .4 .6  REACTIONS OF CARBONYL CONTAINING COMPOUNDS
CFgOCl, C^FgOCl and o th e r  s i m i l a r  compounds can be
p re p a re d  a t  low te m p e ra tu re  by caesium f l u o r i d e
c a ta ly s e d  a d d i t i o n  o f  c h lo r i n e  m o n o f lu o r id e  t o  th e
53
a p p r o p r ia te  c a rb o n y l  compound.
- 2 0 -
R f R f
\  = G + CIF ^ F C O C l
« /  j
s i m i l a r l y
PqF
F CO + C l 0 CF OCl + (CsOCl]
- 2 0 °
Carbon d io x id e  and c a rb o n y l  f l u o r i d e  b o th  re a c t  w i t h  
f l u o r i n e  i n  t h e  presence o f  caesium f l u o r i d e .
OF
CD; ^ F ;  F ;C^
OF
F
\  Cc-Fc = 0 + F_ F_c -  OF
/  2 —  3
F
1 . 4 . 7  THE CHLOROFLUORINATION OF SF^
SF^ + CIF —  SF^Cl
When no caesium f l u o r i d e  i s  p re s e n t  a te m p e ra tu re  o f
o 56
350 C i s  r e q u i r e d .  In  th e  presence o f  caesium f l u o r i d e
57
t h i s  r e a c t io n  occu rs  r e a d i l y  a t  room te m p e ra tu re .
■ 2 1
1.5 DISCUSSION OF GENERALLY ACCEPTED MECHANISMS
I o n i c  f l u o r i d e s  w i t h  t h e i r  v a r i a b le  b a s i c i t y  and r e l a t i v e l y  
low n u c l e o p h i l i c i t y  to w a rd s  carbon have proved  t o  be 
v e r s a t i l e  p ro to n  a b s t r a c to r s  i n  a v a r i e t y  o f  base a s s is te d  
r e a c t io n s  where th e  s t r e n g th  o f  th e  base r e q u i r e d  has v a r ie d  from  
weak t o  v e ry  s t ro n g  and th e  r o le  o f  th e  base has been c a t a l y t i c  
and non c a t a l y t i c .  The f l u o r i d e  io n  method i s  p a r t i c u l a r l y  
w e l l  s u i t e d  t o  r e a c t io n s  such as M ic h a e l a d d i t i o n s ,  a l k y l a t i o n s ,  
e s t é r i f i c a t i o n s ,  e l im in a t i o n s  and Knoevenagel c o n d e n s a t io n s .
These r e a c t io n s  a re  th o u g h t  t o  o c c u r  v i a  s t ro n g  H bond ing  o f  
th e  e le c t r o n  d o n a t in g  f l u o r i d e  io n  t o  th e  a c c e p to r  m o le cu le  
w i t h  r e s u l t i n g  enhancement o f  th e  n u c le o p h i l i c i t y  o f  th e  
a c c e p to r  m o le c u le .  The r o l e  o f  th e  m e ta l f l u o r i d e  in  r e a c t io n s  
such as th e  c h l o r o f l u o r i n a t i o n  o f  s u lp h u r  t e t r a f l u o r i d e  and 
ha logen a d d i t i o n  r e a c t io n s  i s  no t as c l e a r l y  u n d e rs to o d .  
Mechanisms proposed f o r  th e se  r e a c t io n s  have u s u a l l y  in v o lv e d  
in te r m e d ia te s  r e la t e d  t o  complex f l u o r o a n io n s ,  bu t i n  many cases 
th e  v a l i d i t y  o f  t h i s  approach has been q u e s t io n e d .
In  1973 Kennedy and Cady s tu d ie d  th e  r e a c t io n  o f  c a rb o n y l  
f l u o r i d e  w i t h  f l u o r i n e  i n  t h e  presence o f  v a r io u s  f l u o r i d e s  
as c a t a l y s t s . I n  th e  p resence o f  CsF, RbF o r  KF th e  r e a c t io n  
p roceeds as shown below a t  -  78°C
CF^O + F^ CF3OF
-22-
The mode o f  a c t io n  o f  th e  CsF i s  p roposed t o  be:
^ ^ 2^ CsF —► Cs CF^O fo l l o w e d  by 
CsCFgO + F^ CsF + CF3OF
D oubts about t h i s  mechanism were f i r s t  exp ressed  by L u s t i g
55
and cow o rke rs  i n  1967. T h e i r  e x p la n a t io n  s ta te d  " I t  i s  
p ro b a b le  t h a t  t h e  m e ta l  f l u o r i d e  e i t h e r  r e a c t s  d i r e c t l y  w i t h  
o r  p o la r i z e s  th e  ca rbon -oxyg en  doub le  bond t o  such an e x te n t  
t h a t  a p o la r  i n t e r m e d ia te  i s  fo rm ed , w h ich  i s  t h e  a c t i v e  
s p e c ie s  i n  th e  f l u o r i n a t i o n . "  One reason  f o r  t h e i r  c a u t io n  
i s  t h a t  some compounds w h ich  a re  c a t a l y t i c a l l y  f l u o r i n a t e d  
do n o t  appea r t o  i n v o lv e  e x te n s iv e  c o m b in a t io n  w i t h  th e  m e ta l 
f l u o r i d e .  F o r  example th e  up take  o f  CO^ by CsF i s  v e ry  
s m a l l ,  b u t  CO^ r e a c ts  w i t h  f l u o r i n e  in  th e  p resence  o f  CsF t o  
g iv e  CF^ [OF ] ^ . Kennedy and Cady have shown t h a t  th e  
r e a c t i o n  o f  COF^ w i t h  f l u o r i n e  i s  a ls o  c a t a l i z e d  by CsF, HF, 
KAgF^ and C sC l. W ith  th e s e  s a l t s  th e  CF^O a n io n  c o u ld  n o t  
be fo rm ed  as an in t e r m e d ia te .  T h is  w ou ld  sugges t t h a t  
L u s t i g  and cow o rke rs  vague p ro p o s a l  o f  a ' p o l a r  i n t e r m e d ia t e '  
may i n  f a c t  be c l o s e r  t o  th e  t r u e  mechanism th a n  t h a t  
i n v o l v i n g  fo r m a t io n  o f  th e  t r i f l u o r m e t h o x i d e  a n io n .
A s i m i l a r  d i f f e r e n c e  o f  o p in io n  o c c u r re d  o v e r  th e  mechanism 
f o r  th e  c h l o r o f l u o r i n a t i o n  o f  s u lp h u r  t e t r a f l u o r i d e . T h is  
r e a c t i o n  o c c u rs  r e a d i l y  a t  room te m p e ra tu re  i n  th e  p resence  
o f  caes ium  f l u o r i d e .  The g e n e r a l l y  accep ted  mechanism f o r
-23-
+ —this reaction involves reaction between Cs SF^ and gaseous
c h lo r i n e  m o n o f lu o r id e .
SF^ Cg) + CsF Cs) Cs'" SF^ Cs)
C s  S F 3 Cs)  + C I F  Cg)  —  S F 3 C l  Cg)  + C s F  Cs)
T h is  mechanism was shown t o  be i n c o r r e c t  by K o l t a  and 
59
cow orke rs  i n  1982. As a r e s u l t  o f  r a d i o t r a c e r  s tu d ie s  
i n v o l v i n g  C^^Cl) c h lo r i n e  m o n o f lu o r id e  and C^^S) s u lp h u r  
t e t r a f l u o r i d e , th e y  p ro p o s e d  t h a t  th e  mechanism c o u ld  bes t 
be d e s c r ib e d  by th e  f o l l o w i n g  f i v e  e q u i l i b r i u m  r e a c t io n s .
SF^ Cg) + CsF Cs) CsF SF^ Cads)
CsF SF^ Cads) c l  SF~ Cs)
CIF Cg)  + CsF Cs) ^  CsF CIF Cads)
CsF CIF Cads) ^  Cs CIF^ Cs)
CsF CIF Cads) + CsF SF^ Cads) SF^ C l Cg) + 2CsF Cs)
w i t h  CsF CIF Cads) and CsF SF^ Cads) as th e  a c t i v e  s p e c ie s  
r a t h e r  than  Cs SF^ Cs) and CIF Cg).
These r e s u l t s ,  t o g e th e r  w i t h  those  o f  Kennedy and Cady show 
t h a t  th e  mechanisms o f  r e a c t io n s  c a ta ly s e d  by i o n i c  
f l u o r i d e s  are no t as s t r a ig h t f o r w a r d  as was f i r s t  th o u g h t .  
They cannot s im p ly  be assumed t o  o c c u r  v i a  fo r m a t io n  o f  a 
f l u o r o a n i o n .
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T h is  work was c a r r i e d  ou t i n  an a t te m p t  t o  i d e n t i f y  th e  
s p e c ie s  p re s e n t  on th e  s u r fa c e  o f  a s o l i d  f l u o r i d e  d u r in g  
r e a c t io n  w i t h  a gaseous f l u o r i d e .  The s p e c ie s  were i d e n t i f i e d  
by u s in g  r a d io t r a c e r s  and by i n f r a - r e d  s p e c t ro s c o p y .
Comparison o f  th e  r e s u l t s  o b ta in e d  w i t h  those  in  th e  l i t e r a t u r e  
in d ic a t e d  t h a t  t h e r e  a re  many s i m i l a r i t i e s  between th e  
s p e c ie s  in v o lv e d  i n  a r e a c t io n  on th e  s u r fa c e  o f  th e  s o l i d  
and th e  s p e c ie s  i n v o lv e d  i n  r e a c t io n  w i th in '  th e  b u lk  o f  th e  






Most o f  th e  r e a c ta n ts  used i n  t h i s  work a re  e i t h e r  a i r  o r  
m o is tu re  s e n s i t i v e .  I n  o r d e r  t o  ensure  anhydrous and 
oxygen f r e e  c o n d i t i o n s ,  a l l  e x p e r im e n ta l  work was pe r fo rm ed
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in  vacuo (10 T o rrJ  o r  i n  an i n e r t  atmosphere box 
(H^O <  lOppm ).
2 .1 .1  THE VACUUM SYSTEM
S e v e ra l  d i f f e r e n t  vacuum l i n e s  were used d u r in g  th e  
cou rse  o f  t h i s  work . The b a s ic  system c o n s is te d  o f  
a Pyrex  g la s s  vacuum l i n e  w h ich  was pumped by means 
o f  a m ercury  d i f f u s i o n  pump, t o g e t h e r  w i t h  an o i l  
s e a led  r o t a r y  pump. The pumps were p r o te c te d  from  
any v o l a t i l e  m a t e r ia l  i n  th e  l i n e  by waste t r a p s  
w h ich  were coo led  i n  l i q u i d  n i t r o g e n .
The main components o f  th e  vacuum l i n e  were a manometer 
o r  p re s s u re  gauge CHeise) t o  measure th e  p re s s u re  o f  
gas o r  vapour c o n ta in e d  i n  th e  l i n e ,  a v a c u s ta t  w h ich  
was used t o  measure th e  e f f i c i e n c y  o f  th e  pumping 
system and a main m a n i fo ld .  The ty p e  o f  main 
m a n i fo ld  f i t t e d  depended on th e  o p e r a t io n  b e ing  
c a r r i e d  o u t .  The s im p le s t  m a n i fo ld  c o n s is te d  o f  
o u t l e t s  t o  w h ich  r e a c t io n  v e s s e ls  were a t ta c h e d  by
• 2 6 -
means o f  cone and socke t j o i n t s  w h ich  were se a led  
w i t h  K e l-F  g re a se .  O th e r  m a n i fo ld s  had r e a c t io n  
v e s s e ls  and seconda ry  m a n i fo ld s  connected  d i r e c t l y  
t o  them. R e a c t io n s  were c a r r i e d  ou t  e i t h e r  i n  g la s s  
r e a c t io n  v e s s e ls  f i t t e d  w i t h  p o l y t e t r a f l u o r o e t h y l e n e  
( R o ta f lo )  s topcocks  o r  i n  Monel m e ta l p re s s u re  
v e s s e ls  (Hoke) f i t t e d  w i t h  Monel v a lv e s  ( W h i te y ) .
To ensure  t h a t  as much as p o s s ib le  o f  th e  m o is tu re  
adsorbed on th e  s u r fa c e  o f  th e  g la s s  was removed, th e  
g la s s  v e s s e ls  and l i n e  were f lam ed  o u t  w i t h  a g a s /  
oxygen f la m e  w h i le  th e  l i n e  was b e in g  pumped.
2 .1 .2  GAS UPTAKE APPARATUS
In  o r d e r  t o  f o l l o w  m a n o m e t r ic a l ly  th e  up take  o f  gas 
by a s o l i d  th e  a p p a ra tu s  shown in  f i g u r e  2.1 was 
used. T h is  c o n s is te d  o f  a c o n s ta n t  volume manometer, 
a s m a l l  volume m a n i fo ld ,  a b u lb  B t o  in c re a s e  th e  
volume o f  th e  m a n i fo ld  i f  necessa ry  and a so cke t  
f i t t e d  w i t h  a R o ta f lo  s to p co ck  on to  w h ich  th e  sample 
b u lb  was a t ta c h e d .  The volume o f  th e  system was 
a c c u r a te ly  c a l i b r a t e d  b e fo re  use. P re ssu re  changes 
were measured u s in g  a c a th e to m e te r .
The c o n s ta n t  volume manometer i s  shown i n  more d e t a i l  
i n  f i g u r e  2 . 2 .  The m ercury  l e v e l  was m a n ip u la te d  by 
a p p ly in g  a i r  o r  vacuum t o  th e  r e s e r v o i r  by means o f  
th e  two way s topcocks  so t h a t  th e  m ercury in  th e  r i g h t  
hand l im b  was a lways b ro u g h t  t o  a r e fe re n c e  mark b e fo re



















F ig u r e  2 2
Constant  volume manometer
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2 . 1 . 3  THE INERT ATMOSPHERE BOX
An argon a tmosphere L i n t o t t  box CH^O <  10ppm] was 
used when h a n d l in g  and s t o r i n g  a l l  sam ples. V esse ls  
were evacua ted  and i n  th e  case o f  g la s s  v e s s e ls  
f lam ed  o u t  b e fo re  b e in g  t r a n s f e r r e d  t o  th e  box. The 
box c o n ta in e d  a ba lance  w h ich  a l lo w e d  samples t o  
be weighed in  t h i s  d ry  a tmosphere.
2 . 1 . 4  INFRA-RED SPECTROSCOPY
The IR work was p e r fo rm ed  on a P e rk in  E lm er 580 
o r  983 s p e c to m e te r .  The s p e c t ra  were o b ta in e d  as 
N u jo l  and F lu o ru b e  m u l l s ,  between AgCl p la te s  o r  
i n  a gas IR c e l l  equ ipped  w i t h  AgCl w indows. A l l  
m u l ls  were p re p a re d  in  th e  i n e r t  atmosphere box due t o  
t h e i r  s e n s i t i v i t y  t o  m o is tu re  and a i r .
2 .2  PREPARATION AND PURIFICATION OF REAGENTS
2 . 2 . 1  PURIFICATION OF ACETONITRILE
HPLC o r  s p e c t r o s c o p ic  grade MeCN was r e f lu x e d  o ve r  
anhydrous A lC l^  f o r  one hou r b e fo re  b e in g  d i s t i l l e d  
i n t o  a f l a s k  c o n ta in in g  KMnO^ and Li^CO^ o v e r  w h ich  
i t  was r e f l u x e d  f o r  0 . 25 h o u rs .  The MeCN was 
d i s t i l l e d  i n t o  a n o th e r  f l a s k  c o n ta in in g  KHSG^ o v e r
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w hich  i t  was r e f lu x e d  f o r  one hou r b e fo re  b e ing
t r a n s f e r r e d  t o  a f l a s k  c o n ta in in g  CaH^ and aga in
r e f l u x e d  f o r  1 hou r .  I t  was th e n  d i s t i l l e d  i n t o -
a n o th e r  f l a s k  c o n ta in in g  and d i s t i l l e d  f o r  h a l f
an hou r b e fo re  b e in g  f i n a l l y  r e f l u x e d  o v e r  a f r e s h
sample o f  P 0 f o r  a f u r t h e r  h a l f  ho u r .  The MeCN 2 5
was th e n  t r a n s f e r r e d ,  w i t h o u t  exposu re , t o  a tm o sp h e r ic  
m o is tu re ,  t o  v e s s e ls  c o n ta in in g  p r e v io u s ly  a c t i v a t e d  
3A m o le c u la r  s ie v e s .  I t  was degassed i n  vacuo, 
a l lo w e d  t o  s ta n d  a t  room te m p e ra tu re  f o r  24 hou rs ,  then  
vacuum d i s t i l l e d  on to  f r e s h  3A s ie v e s  b e fo re  b e in g  
used.
2 . 2 . 2  PURIFICATION OF OI-ETHYL ETHER
A n a la r  Et^O was p u r i f i e d  by add ing  s m a l l  p ie c e s  o f  
f r e s h l y  c u t  sodium u n t i l  no f u r t h e r  r e a c t io n  was 
obse rved . The Et^O was th e n  degassed i n  vacuo and 
a l lo w e d  t o  s ta n d  o ve r  a c t i v a t e d  3A m o le c u la r  s ie v e s  
f o r  24 h o u rs .  B e fo re  use th e  Et^O was vacuum 
d i s t i l l e d  on to  f r e s h  3A m o le c u la r  s ie v e s .
2 . 2 . 3  PURIFICATION OF PYRIOINE
A n a la r  p y r i d i n e  was p u r i f i e d  by degass in g  i n  vacuo 
th e n  d r y in g  o v e r  a c t i v a t e d  3A m o le c u la r  s ie v e s .
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2 . 2 . 4  PURIFICATION OF AsF^ AND BF^
A r s e n ic  p e n t a f l u o r i d e  (O zark-M ahon ing) and boron 
t r i f l u o r i d e  (Matheson In c )  were p u r i f i e d  by t r a p  t o  
t r a p  d i s t i l l a t i o n  o ve r  NaF a t  -  80°C and s to re d  o v e r  
NaF a t  -  19B°C. NaF removes any HF w h ich  may be 
p r e s e n t .
2 . 2 . 5  PURIFICATION OF CÔ
Carbon d io x id e  was o b ta in e d  i n  th e  fo rm  o f  d r y  i c e  
[ D i s t i l l e r s  Co. )  In  t h i s  fo rm  i t  c o n ta in s  a h ig h  
p r o p o r t i o n  o f  w a te r .  The w a te r  was removed by f i r s t  
c ru s h in g  th e  s o l i d  CO^ f o l lo w e d  by t h r e e  t r a p  t o  
t r a p  d i s t i l l a t i o n s  o ve r  f r e s h  ^ 2*^5 ~ ^ 0 ° ^ .  The
CO^ was then  t r a n s f e r r e d  i n t o  a la r g e  volume b u lb  
c o n ta in in g  P^O^ and l e f t  a t  room te m p e ra tu re  f o r  
tw e lv e  hours b e fo re  use.
2 . 2 . 6  PREPARATION AND PURIFICATION OF FLCO  z—
C arbony l f l u o r i d e  was p repa red  by th e  r e a c t io n  o f  
c a rb o n y l  c h lo r id e  w i t h  sodium f l u o r i d e  i n  a c e t o n i t r i l e ,
In  a t y p i c a l  p r e p a r a t io n  c a rb o n y l  c h lo r i d e  [3 .0 g ,
30 .4  m mol) was condensed on to  sodium f l u o r i d e  (16g 
360 m mol) i n  a c e t o n i t r i l e  (30 m l) and th e  r e a c t io n
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m ix tu re  Kept a t  20°C f o r  36 hours i n  a s t a i n l e s s  s t e e l  
p re s s u re  v e s s e l  (300 m l ) .  F r a c t i o n a t i o n  o f  th e  
v o l a t i l e  components gave c a rb o n y l  f l u o r i d e  ( 1 . 9g 
2 0 . 8m m o l ) .
The c a rb o n y l  f l u o r i d e  was p u r i f i e d  by t r a p  t o  t r a p  
d i s t i l l a t i o n  a t  -  80°C and s t o r e d . i n  a s t a i n l e s s  s t e e l  
p re s s u re  v e s s e l  u n t i l  r e q u i r e d  t o  p re v e n t  r e a c t io n  
w i t h  g la s s  t o  fo rm  s i l i c o n  t e t r a f l u o r i d e .
2 . 2 . 7  PURIFICATION OF IF ^
Io d in e  p e n fa f lu o r id e  was p u r i f i e d  by t r a p  t o  t r a p  
d i s t i l l a t i o n  o v e r  NaF f o l lo w e d  by s h a k in g  a t  room 
te m p e ra tu re  w i t h  Hg m e ta l .  The IF ^  was s to re d  o v e r  
a f r e s h  sample o f  Hg a t  room te m p e ra tu re  u n t i l  
r e q u i r e d  f o r  use.
2 . 2 . 8  PREPARATION OF U  BF^
L i th iu m  t e t r a f l u o r o b a t e  was p repa red  by th e  r e a c t io n  
o f  boron t r i f l u o r i d e  w i t h  l i t h i u m  f l u o r i d e  (B .O .H .)  
i n  a c e t o n i t r i l e .
Boron t r i f l u o r i d e  ( 5 . 71g  84m mol) was condensed on to  
l i t h i u m  f l u o r i d e  (2g 76.9m m ol) i n  a c e t o n i t r i l e
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(10 m l)  and th e  r e a c t io n  m ix tu r e  was shaken a t  room 
te m p e ra tu re  f o r  72 hou rs .  Removal o f  th e  s o lv e n t  and 
v o l a t i l e  m a t e r i a l  gave L iBF^ ( 6 .96g  7 .4  mmol).
2 . 2 . 9  PURIFICATION OF (N bF ^),----------------------------------- tj—4
N iob ium  p e n t a f l u o r i d e  (F luorochem  L td )  was p u r i f i e d  by 
s u b l im a t io n  u s in g  th e  app a ra tu s  shown i n  f i g u r e  2 . 3 .  
The crude  n io b iu m  p e n t a f lu o r id e  was p la c e d  i n  f l a s k  A 
and heated u s in g  an o i l  ba th  t o  7G°C. Pure NbF^ 
was t ra p p e d  i n  th e  U tu b e  by c o o l in g  i t  t o  -  196°C in  
l i q u i d  n i t r o g e n .  When th e  s u b l im a t io n  p rocess  was 
com p le te  th e  U tu b e  was sea led  o f f  a t  p o in t s  Cl and C2 
and t r a n s f e r r e d  t o  an i n e r t  atmosphere box where i t  
was s to re d  u n t i l  r e q u i r e d .
2 .2 .1 0  PREPARATION ANO PURIFICATION OF FNO '
N i t r o s y l  f l u o r i d e  was p repa red  by th e  r e a c t io n  o f  
n i t r o g e n  d io x id e  (Matheson In c )  w i t h  caesium f l u o r i d e  
(BOH).
N i t r o g e n  d io x id e  (4 m mol) was condensed o n to  caesium 
f l u o r i d e  ( lOg 66m mol) and th e  v e s s e l  a l lo w e d  t o  reach  
room te m p e ra tu re .  A f t e r  f o u r  days 3.6m mol o f  n i t r o s y l  
































The r a t e  o f  r e a c t io n  c o u ld  be in c re a s e d  i n  two ways, 
I f  th e  v e s s e l  c o n ta in in g  th e  n i t r o g e n  d io x id e  and 
caesium f l u o r i d e  was heated t o  120°C th e  r e a c t io n  
was com p le te  w i t h i n  t h r e e  h o u rs .  I f  th e  caesium 
f l u o r i d e  was p r e t r e a te d  w i t h  h e x a f lu o ro a c e to n e  (see 
c h a p t .  3) th e  r e a c t io n  was com ple te  w i t h i n  te n  
m in u te s .
2 .2 .1 1  PREPARATION AND PURIFICATION OF
S u lp h u r  t e t r a f l u o r i d e  was p repa red  by f l u o r i n a t i o n  
o f  e le m e n ta l  s u lp h u r  by io d in e  p e n t a f l u o r i d e .
P u r i f i e d  io d in e  p e n t a f lu o r id e  (45m mol) was 
condensed i n t o  a s t a in le s s  s t e e l  p re s s u re  v e s s e l  
c o n ta in in g  e le m e n ta l  s u lp h u r  (7m mo l ) .  The v e s s e l  
was th e n  heated a t  373K f o r  5 hours fo l lo w e d  by 
473K f o r  48 hou rs .  A f t e r  r e a c t io n  th e  v o l a t i l e  
m a t e r ia l  was removed a t  195K and condensed i n t o  a 
s i m i l a r  v e s s e l  o ve r  NaF.
The SF^ was p u r i f i e d  by r e a t io n  w i t h  BF^ a t  195K
+ -  26
fo rm in g  th e  adduc t SF^ BF^ U nreacted  m a t e r ia l
was removed by pumping a t  t h i s  te m p e ra tu re ,  and
th e  adduct decomposed by add ing  th e  c a lc u la t e d
24
q u a n t i t y  o f  d r y  d i e t h y l  e t h e r  a t  195K. The i n f r a ­
red  spectrum  o f  th e  p ro d u c t  showed no s ig n  o f  
any im p u r i t i e s .
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2 . 2 . 1 2  PREPARATION OF p-UF^
p -u ra n iu m  p e n t a f l u o r i d e  was p repa red  by th e  r e a c t io n  
o f  p u r i f i e d  uran ium  h e x a f lu o r id e  on io d in e  i n  i o d in e  
p e n t a f lu o r id e  a c c o rd in g  t o  e q u a t io n  2 .1 .
10 UF^ + I _ — lOUFc + 2 IF r  E q u a t io n  2.1b 2 b b
In  a t y p i c a l  p r e p a r a t io n  I ^  CO.36m m ol) and UFg 
(6m m ol)  i n  IF ^  (20m mol) were shaken a t  room 
te m p e ra tu re  f o r  1 hou r .  Removal o f  th e  c o lo u r le s s  
v o l a t i l e  m a t e r i a l  gave uran ium  p e n t a f l u o r i d e  (0.35m mol)
A lum in ium  t r i f l u o r i d e  (Ozark Mahoning 99.5%) was 
used as re c e iv e d .  Caesium f l u o r i d e  (BOH O ptran g rade) 
was used as r e c e iv e d  o r  t r e a te d  w i t h  h e x a f lu o ro a c e to n e  
as d e s c r ib e d  i n  c h a p te r  3.
2 .3  RADIOCHEMICAL TECHNIQUES
R a d io t r a c e r  methods a re  w id e ly  used f o r  m o n i to r in g  exchange 
r e a c t io n s  and f o r  s tu d y in g  s u r fa c e  c a ta ly s e d  p ro ce s se s .  T h e i r  
main advantage i s  t h e i r  s e n s i t i v i t y  i n  d e te c t in g  s m a l l  numbers 
o f  atoms o r  m o le cu le s  when th e se  a re  r a d io a c t i v e .
B e fo re  1934 o n ly  th e  heavy e lem ents  w i t h  n a t u r a l l y  o c c u r r in g  
r a d io a c t i v e  is o to p e s  co u ld  be used t o  f o l l o w  th e  movement o f  
atoms o r  m o le cu le s  d u r in g  r e a c t io n s .  A r t i f i c i a l  r a d i o a c t i v i t y
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was d is c o v e re d  by C u r ie  and J o l i o t  e a r l y  i n  1934. ^^  They 
d is c o v e re d  t h a t  a lum in ium  f o i l  w h ich  had been bombarded w i t h  OL 
p a r t i c l e s  gave o f f  r a d i a t i o n  a f t e r  th e  bombardment had ceased 
[e q u a t io n  2 . 2 } .  F o l lo w in g  t h i s  d is c o v e ry  many more r a d io is o to p e s  
were produced by o th e r  groups o f  w o rke rs  u s in g  s i m i l a r  
bombardment te c h n iq u e s .
27 4 30 1
A1 + He —► P + n e q u a t io n  2 .2
13 2 15 0
Because o f  th e  low n e u tro n  f l u x e s  a v a i l a b le  a t  t h i s  t im e ,  o n ly  
s h o r t - l i v e d  r a d io is o to p e s  o f  low s p e c i f i c  a c t i v i t y  c o u ld  
n o rm a l ly  be p roduced . S ince  1945, th e  s u c c e s s fu l  o p e r a t io n  o f  
n u c le a r  r e a c to r s  and th e  development o f  p a r t i c l e  a c c e le r a to r s  
have made a v a i l a b le  h ig h  p a r t i c l e  f l u x e s .  C onsequen t ly  
r a d io is o to p e s ,  b o th  s h o r t  and l o n g - l i v e d ,  o f  n e a r ly  a l l  th e  
e lem ents  have become a v a i l a b le .  T h is  has removed most o f  
th e  r e s t r i c t i o n s  on th e  systems w hich c o u ld  be examined and 
exchange r e a c t io n s  have p ro v id e d  much i n f o r m a t io n  on a w ide 
v a r i e t y  o f  t o p i c s ,  f o r  example m o le c u la r  s t r u c t u r e ,  bond 
ty p e s  and r e a c t io n  k i n e t i c s .
2 . 3 . 1  EXCHANGE REACTIONS
An exchange r e a c t io n  occu rs  when atoms o f  a g iv e n  
e lem ent in te rc h a n g e  between two o r  more fo rm s o f  t h i s  
e le m e n t.  Exchange r e a c t io n s  can be observed by 
l a b e l l i n g  one o f  th e  e lem ents  w i t h  a r a d io is o to p e  
and f o l l o w i n g  th e  p o s i t i o n  o f  th e  is o to p e .  The 
g e n e ra l  e q u a t io n  f o r  an i s o t o p i c  exchange r e a c t io n
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may be w r i t t e n :
AX + BX* ^  AX* + BX
Where * d e s ig n a te s  th e  d i s t i n g u i s h a b le  ( r a d io a c t i v e  
o r  s t a b le )  is o to p e .  The r a te  o f  d isappe a rance  o f  
th e  i s o t o p i c  s p e c ie s  f rom  an i n i t i a l l y  u n la b e l le d  
r e a c ta n t  i s  d e s c r ib e d  by a f i r s t  o rd e r  r a t e  law 
r e g a rd le s s  o f  th e  number o f  a to m ic  s p e c ie s  which 
p a r t i c i p a t e ,  s in c e  th e r e  can be no change in  th e  
c o n c e n t r a t io n  o f  th e  r e a c t a n t s . I t  i s  p o s s ib le  
t h e r e f o r e  t o  c a r r y  ou t q u a n t i t a t i v e  i n v e s t i g a t i o n s  
o f  exchange r e a c t io n s .  R e s u l ts  can be expressed  i n  
te rm s  o f  th e  f r a c t i o n  o f  a c t i v i t y  exchanged Cf) 
where ( f )  i s  d e f in e d  by e q u a t io n  2 . 3 . ^ ^ ' ^ ^
f = f r a c t i o n  o f  a c t i v i t y  i n  th e  i n i t i a l l y  u n la b e l le d  compound 
f r a c t i o n  o f  f l u o r i n e  (mg-atom) i n  th e  i n i t i a l l y  u n la b e l le d
compound
e q u a t io n  2 .3
f  i s  de te rm ined  e x p e r im e n ta l ly  u s in g  e i t h e r  e q u a t io n
2 .4  o r  2 .5
A^ /  xm^ \  -1
f  =
\  xm^i+ym^ / e q u a t io n  2 .4
f  = ^^o~^2^ + ym^) e q u a t io n  2 .5
A
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where and A^ coun ts  s  ̂ a re  th e  coun t r a t e s ,
c o r r e c te d  f o r  decay, a f t e r  exchange between and
m mol o f  r e a c ta n ts  [1 b e in g  i n a c t i v e  i n i t i a l l y ]
c o n ta in in g  r e s p e c t i v e l y  x and y F atoms. A^ coun ts  
— 1
s i s  th e  c o r re c te d  count r a t e  o f  r e a c ta n t  2 b e fo re  
exchange.
E q u a t io n s  2 .4  and 2 .5  shou ld  in  th e o ry  g iv e  th e  same 
answer p r o v id in g  t h a t  th e  ra d io c h e m ic a l  ba lance  i s  
>95% t h a t  i s  A^ = A^ + A ^ . In  p r a c t i c e  t h i s  i s  not 
a lways th e  case s in c e  th e r e  a re  t h r e e  p o s s ib le  
s i t u a t i o n s  w h ich  can a r i s e .
1. F lu o r in e  exchange w i th  no r e t e n t i o n  o f  th e  gas 
by th e  s o l i d .  In  t h i s  case e i t h e r  e q u a t io n  may 
by used and th e  v a lu e  o f  f  o b ta in e d  i n d i c a t e s  
th e  degree t o  which exchange has o c c u r re d ,  f  = □ 
co rrespond s  t o  no exchange and f  = 1 co rrespond s  
t o  com p le te  exchange, t h a t  i s  a random 
d i s t r i b u t i o n  o f  a c t i v i t y .  T h is  s i t u a t i o n  was 
observed i n  th e  r e a c t io n s  o f  SF^^^^ w i t h  A IF ^  
and [N bF ^ ]^  re p o r te d  i n  c h a p te r  5 o f  t h i s  w ork .
2. R e te n t io n  o f  th e  gas by th e  s o l i d  w i t h  no f l u o r i n e  
exchange. In  t h i s  case e q u a t io n  2 .4  would g iv e
a v a lu e  o f  f >1  and e q u a t io n  2 .5  would g iv e  a 
v a lu e  o f  f  = 0. T h e re fo re  as soon as up take  
o f  gas o ccu rs  e q u a t io n  2 .4  becomes i n v a l i d  and 
e q u a t io n  2 .5  must be used. T h is  s i t u a t i o n  was
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observed  in  th e  r e a c t io n s  o f  AsF^^^F, BF^^^F and 
18SFg F w i t h  CsF re p o r te d  i n  c h a p te r  4 o f  t h i s  
w o rk .
3. F lu o r in e  exchange and r e t e n t i o n  o f  gas by th e
s o l i d .  In  t h i s  case e q u a t io n  2 .4  w i l l  g iv e
a v a lu e  o f  f  > 1 .  S ince  e q u a t io n  2 .5  depends on
th e  s p e c i f i c  coun t r a t e  o f  th e  gas b e fo re  and
a f t e r  r e a c t i o n ,  a t r u e  measure o f  th e  f r a c t i o n
exchanged w i l l  be o b ta in e d  i f  t h i s  e q u a t io n  i s
used. T h is  s i t u a t i o n  was observed in  th e  r e a c t io n  
18o f  F FCO w i t h  CsF r e p o r te d  i n  c h a p te r  4 and
a ls o  i n  th e  r e a c t io n s  o f  AsF^, BF_ and SF. w i t h
5 3 4
18Cs F a t  h ig h  te m p e ra tu re  re p o r te d  in  c h a p te r  2.
E q u a t io n  2 .5  w i l l  g iv e  a t r u e  measure o f  th e  
f r a c t i o n  exchanged whereas e q u a t io n  2 .4  w i l l  
o n ly  g iv e  a t r u e  r e s u l t  i f  t h e r e  i s  no up take  o f  
gas . I f  an f  va lu e  o f > 1  i s  o b ta in e d  when u s in g  
e q u a t io n  2 .4  t h i s  sugges ts  t h a t  up take  o f  gas 
has o c c u r re d  and e q u a t io n  2 .5  must be used i f  an 
a c c u ra te  f  v a lu e  i s  r e q u i r e d .
2 .3 .2  CHOICE OF ISOTOPE
In  g e n e ra l  th e  c h o ic e  o f  is o to p e  i s  d e te rm in e d  by 
t h r e e  f a c t o r s .  These a re :
-38-
a] The a v a i l a b i l i t y  o f  th e  is o to p e
b] The le n g th  o f  i t s  h a l f  l i f e
c ]  The ease o f  d e te c t io n
14
The th r e e  r a d io is o to p e s  used i n  t h i s  work a re  C,
^ a n d  th e  lo n g e s t  l i v e d  r a d io a c t i v e  is o to p e s
o f  each e le m en t.  A l l  t h r e e  a re  r e a d i l y  d e te c te d .
and a re  p e m i t t e r s  d e te c ta b le  u s in g  G e ige r
M ü l le r  c o u n te rs  w i t h  pmax 0 .155  MeV and G.1B7Me V
14  1
r e s p e c t i v e l y ,  bo th  a ls o  have lo n g  h a l f  l i v e s  ( C t ^  
35
5730yj S t 5 = 8 7 .4 d ) .
"*^F i s  a ^  e m i t t e r  C^max=0.51 MeV) and i s  d e te c ta b le
u s in g  a s c i n t i l l a t i o n  c o u n te r .  A l th o u g h  ^^F i s  th e
lo n g e s t  l i v e d  r a d io a c t i v e  is o to p e  o f  f l u o r i n e ,  i t s
+ 71
h a l f  l i f e  i s  o n ly  109 .72 -  0 .06m in  T h is  in t r o d u c e s  
e x p e r im e n ta l  p rob lem s t h a t  must be overcome. Due t o  
th e  s h o r t  h a l f  l i f e  no more th a n  one w o rk in g  day i s  
a v a i l a b le  f o r  each exp e r im e n t s in c e  a f t e r  s i x  h a l f  
l i v e s  o n ly  1- 2% o f  th e  s t a r t i n g  a c t i v i t y  i s  l e f t .
A l l  s y n th e s is  and p u r i f i c a t i o n  must t h e r e f o r e  be 
c a r r i e d  ou t as q u i c k l y  as p o s s ib le .
F ig u re  2 .4  shows th e  k i n e t i c  r e l a t i o n s h i p  between
in c o r p o r a t io n  and decay o f  f l u o r i n e  -  18. The 
18fo r m a t io n  o f  th e  F la b e l l e d  compound d u r in g  th e  chem ica l
18
r e a c t io n  competes w i t h  th e  r a d io a c t i v e  decay o f  F . 
R e a c t io n  t im e s  lo n g e r  than  t  l i m i t  le a d  t o  le s s  ne t 
a c t i v i t y  i n  th e  p ro d u c t .
Figure  2 4






1 = , Product formation
2 = Decay curve of  F
3 = Incorporation of'*F in the labelled product
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When u s in g  r a d io t r a c e r s  t o  s tu d y  a p a r t i c u l a r  system 
i t  i s  b e t t e r  i f  two d i f f e r e n t  is o to p e s  are used, s in c e  
com parab le  r e s u l t s  o b ta in e d  from  two d i f f e r e n t  se ts  
o f  t r a c e r  e xp e r im e n ts  a re  more c o n c lu s iv e  th a n  a 
s in g le  se t  o f  da ta  o b ta in e d  f o r  one r a d io is o to p e .
The use o f  two d i f f e r e n t  is o to p e s  t o  s tu d y  th e  same 
system h e lp s  i n  c h a r a c t e r i s i n g  th e  s p e c ie s  in v o lv e d  
and a ls o  i n  d i s t i n g u i s h i n g  th e  r e a c t io n  p rocesses
1 a
w h ich  a re  o c c u r r in g .  For example, by u s in g  b o th  F
35 18 14
and S l a b e l l e d  SF^ and F and C l a b e l l e d  COF^^
i t  i s  p o s s ib le  t o  d e te rm in e  w h e the r  g row th  o f  a c t i v i t y
i n  th e  s o l i d  i s  due t o  f l u o r i n e  exchange o r  up take
o f  th e  gas by th e  s o l i d .
F lu o r in e  -18 i s  an e n e r g e t i c  R e m i t t e r  w h ich  g iv e s
in f o r m a t io n  about th e  o v e r a l l  b u lk  r e a c t io n  as a l l
a c t i v i t y  p re s e n t  in  th e  sample can be d e te c te d .
S u lp h u r  -35 and carbon -14  are b o th  weak ^ ' e m i t t e r s .
Due t o  a b s o rp t io n  o f  th e  r a d i o a c t i v i t y  by th e  s o l i d
o n ly  a c t i v i t y  o r i g i n a t i n g  fro m  th e  s u r fa c e  o f  th e
s o l i d  can be d e te c te d  i n  systems i n v o l v i n g  th e se
18is o to p e s .  Comparison o f  F r e s u l t s  w i t h  th o s e  from  
o r  l a b e l l e d  samples a l lo w s  th e  s u r fa c e  and
b u lk  s p e c ie s  t o  be d i f f e r e n t i a t e d .
In  t h i s  work th e  r e s u l t s  o f  r e a c t io n s  i n v o l v i n g  BF^
18and AsF^ are based o n ly  on F r a d i o t r a c e r  work and 
14
th o se  o f  CG^ on C work o n ly  as no o th e r  s u i t a b le  
is o to p e s  were a v a i l a b le .
-40-
COUNTING OF ^^C ANO SAMPLES
2 .4 .1  GEIGER MULLER [G .M .]  COUNTERS
C arbon-14 and s u lp h u r -3 5  bo th  decay by be ta  [p  ) e m iss io n
A p p a r t i c l e  i s  an e le c t r o n  which i s  e je c te d  fro m  
th e  n u c le u s .  Em iss ion  o f
a b e ta  p a r t i c l e  le a ve s  th e  mass number o f  th e  is o to p e  
unchanged s in c e  th e  number o f  nuc leon s  p re s e n t  i s  
u n a l t e r e d ,  bu t th e  a tom ic  number i s  in c re a s e d  by one.
Samples l a b e l l e d  w i t h  '̂^C and ^^S were counted  u s in g  
a G e ig e r  M u l le r  tu b e .  A G e ige r  M u l le r  tu b e  c o n s is t s  o f  
an e a r th e d  c y l i n d r i c a l  case f i l l e d  w i t h  a gas, 
u s u a l l y  a rgon , to g e th e r  w i t h  a low c o n c e n t r a t io n  o f  an
o rg a n ic  substance  o f te n  a lc o h o l  o r  methane. A
p o s i t i v e l y  charged e le c t r o d e  i s  suspended a lo n g  th e  
c e n t re  o f  th e  tu b e .  R a d ia t io n  e n te r s  th e  tu b e  
th ro u g h  a t h i n  mica window and i n t e r a c t s  w i t h  th e  
gas t o  produce an e l e c t r i c a l  p u ls e .  The e l e c t r i c a l  
p u ls e s  are reco rded  by a e l e c t r o n i c  s c a le r  which 
produces an o u tp u t  w h ich  i s  p r o p o r t i o n a l  t o  th e  
s t r e n g th  o f  th e  i n i t i a l  i o n i s i n g  r a d i a t i o n .
2 .4 .2  PLATEAU CURVE
In  a Gfl. c o u n te r  no coun ts  a re  reco rded  u n t i l  th e  
a p p l ie d  p o t e n t i a l  i s  la rg e  enough t o  a t t r a c t  th e  
f r e e  e le c t r o n s  t o  th e  anode. When t h i s  p o in t  known
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as th e  G e ige r  t h r e s h h o ld  i s  reached [V t ]  th e  coun t 
r a t e  b e g in s  t o  r i s e  r a p i d l y  u n t i l  a p la te a u  i s  
reached where th e  coun t r a t e  in c re a s e s  o n ly  v e ry  
s lo w ly  w i t h  v o l t a g e ,  ( f i g u r e  2 . 5 ] .
The p la te a u  i s  n e ve r  f l a t  due t o  th e  g e n e ra t io n  
i n s id e  th e  c o u n te r  o f  s p u r io u s  d is c h a rg e s  caused 
by secondary  e le c t r o n  e m is s io n .  T h is  o c cu rs  when 
th e  p o s i t i v e  io n s  produced i n  th e  i n i t i a l  i o n i s a t i o n  
re a ch  th e  ca thode and cause secondary e le c t r o n  
e m iss io n  from  th e  s u r fa c e .  T h is  secondary  e le c t r o n  
e m is s io n  i s  u s u a l l y  supressed by th e  a d d i t i o n  o f  an 
o r g a n ic  quench gas such as CH^. As th e  p o t e n t i a l  
in c re a s e s  th e  quench gas cannot cope w i t h  th e  
la r g e  number o f  s p u r io u s  d is c h a rg e s  and th e  coun t 
r a t e  b e g in s  t o  r i s e  r a p i d l y  u n t i l  th e  c o u n te r  
b e g in s  t o  d is c h a rg e .
P la te a u  re g io n s  were d e te rm ined  r e g u l a r l y  f o r  
e ve ry  G e ig e r  M u l le r  tube  used by sweeping th ro u g h  
th e  v o l ta g e  re g io n  w h i l s t  m o n i to r in g  th e  coun t 
o b ta in e d  f ro m  a caesium -137 so u rce .  F ig u re  2 .5  
shows a t y p i c a l  p la te a u  cu rve  o b ta in e d .  The w o rk in g  
v o l t a g e  was se t in  th e  m id d le  o f  th e  p la te a u  
r e g i o n .






















2 . 4 . 3  DEAD TIME
Im m e d ia te ly  a f t e r  th e  c o l l e c t i o n  o f  e le c t r o n s  in  
a GM d is c h a rg e  a sheath  o f  p o s i t i v e  io n s  su rrounds  
th e  c e n t r a l  w i r e .  These p o s i t i v e  io n s  reduce th e  
v o l ta g e  g r a d ie n t  be low th e  v a lu e  necessa ry  f o r  io n  
m u l t i p l i c a t i o n ,  and th e  c o u n te r  cannot re c o rd  a n o th e r  
e ven t u n t i l  th e  p o s i t i v e  io n s  reach th e  c a thode .
As a r e s u l t  each p u ls e  from  th e  GM tu b e  i s  f o l lo w e d  
by a p e r io d  d u r in g  w h ich  no p a r t i c l e s  can be 
d e te c te d .  T h is  i n s e n s i t i v e  p e r io d  i s  Known as 
th e  dead t im e  o f  th e  c o u n te r ,  as i n  a c c u ra te  c o u n t in g  
exp e r im e n ts  a c o r r e c t io n  i s  necessa ry  f o r  co un ts  
l o s t  i n  such p e r io d s  e s p e c ia l l y  i f  th e  c o u n t in g  r a te  
i s  h ig h .
The t r u e  coun t r a t e  [N t )  i s  r e l a t e d  t o  th e  observed 
coun t r a t e  No by th e  r e l a t i o n :
No
Nt = [1 -NoT ) e q u a t io n  2 .6
where T i s  th e  dead t im e .
2 .4 .4  DETERMINATION OF DEAD TIME
The dead t im e s  o f  th e  GM tu b e s  used were de te rm in e d
16by c o u n t in g  samples o f  Cs F o ve r  p e r io d s  o f  t h r e e  
h a l f  l i v e s .
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The decay o f  a r a d io is o to p e  i s  d e s c r ib e d  by 
e q u a t io n  2 .7
At = A e ^ E qu a t io n  2 .7o
where X  = decay c o n s ta n t
A t = A c t i v i t y  o f  sample a t  t im e  t  
A^ = A c t i v i t y  o f  sample a t  t im e  t  = o
hence a p l o t  o f  lo g  A t v e rsu s  t im e  s h o u ld  be a s t r a i g h t  
l i n e  w i t h  g r a d ie n t  -  X  and i n t e r c e p t  lo g ^  A^. When 
a p l o t  o f  logg  [ A t ]  ve rsus  t im e  was drawn a l i n e a r  
r e l a t i o n s h i p  was o b ta in e d  f o r  t  > 2 0 0  m in . At t im e s  
t < 2 0 0  min a cu rve  was o b ta in e d  because a t  th e se  
t im e s  th e  coun t r a t e  was h ig h  enough f o r  th e  dead 
t im e  t o  have a c o n s id e ra b le  e f f e c t .
The l i n e a r  p o r t i o n  o f  th e  p l o t  was e x t r a p o la te d  t o  
t im e  t  = 0 u s in g  th e  Known h a l f  l i f e  o f  
f l u o r i n e  [1 09 .72  -  0 .06  m in u te s ] .  T h is  l i n e  gave 
IMt th e  t r u e  coun t r a te  w h ich  i s  r e la t e d  t o  No th e  
observed count r a t e  No by th e  r e l a t i o n :
No
Nt = [1 -  N o T ]  E q u a t io n  2 .6
where T i s  th e  dead t im e .
T h is  c a l c u l a t i o n  was perfo rm ed  u s in g  th e  f i r s t  
tw e n ty  p o in t s  on th e  g raph and th e  mean o f  th e se
F i g u r e z  6
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r ie s u l t s  was taken  t o  be th e  dead t im e  o f  th e  GM tube  
F ig u re  2 .6  shows bo th  th e  e x p e r im e n ta l l y  observed  
l i n e  and th e  c a lc u la t e d  t r u e  l i n e .
2 .5  COUNTING O F - F L U O R IN E  SAMPLES
2 .5 .1  SCINTILLATION COUNTERS
f l u o r i n e  decays by p o s i t r o n  e m iss io n  (p ) .  A 
p o s i t r o n  i s  a p o s i t i v e l y  charged e le c t r o n  w h ich  i s  
e je c te d  f ro m  th e  n u c le u s  f o l l o w i n g  th e  t r a n s fo r m a t io n  
w i t h i n  th e  nuc leus  o f  a p ro to n  i n t o  a n e u t ro n .  As 
i s  th e  case w i t h  p  e m is s io n ,  e m iss io n  o f  a 
p o s i t r o n  leaves  th e  mass number o f  th e  is o to p e  
unchanged b u t  i n  p o s i t r o n  e m iss io n  th e  a tom ic  number 
decreases by one.
The e m i t te d  p o s i t r o n s  i n t e r a c t  w i t h  s u r ro u n d in g  atoms 
i n  a manner v e ry  s i m i l a r  t o  t h a t  o f  an o r d in a r y  e le c t r o n ,  
When th e  p o s i t r o n  has l o s t  v i r t u a l l y  a l l  i t s  i n i t i a l  
k in e t ic  e n e rg y ,  i t  combines w i t h  a n e g a t iv e  e le c t r o n  
and a n n i h i l a t i o n  o f  bo th  p a r t i c l e s  o c c u rs .
A n n ih i l a t i o n  o f  th e  p o s i t r o n s  e m i t te d  by + f lu o r in e - 1 8  
r e s u l t s  i n  th e  e m iss ion  o f  ^  r a d i a t i o n  ( K max 0.51MeV]
Z f ra y s  a re  h ig h  energy e le c t r o m a g n e t ic  waves.
The K” ra y s  p roduced i n  th e  a n n i h i l a t i o n  p rocess  are 
counted u s in g  a T l / N a l  s c i n t i l l a t i o n  c o u n te r .  (EKco 
e l e c t r o n i c s  i n s t r u m e n t s ) . The s c i n t i l l a t i o n  c o u n te r
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b a s i c a l l y  c o n s is t s  o f  a l a r g e  Nal c r y s t a l ,  a 
p h o t o m u l t i p l i e r  and an a m p l i f i e r .
When i o n i s i n g  r a d i a t i o n  passes th ro u g h  th e  Nal
l i g h t  i s  e m i t te d  i n  a s h o r t  p u ls e .  The s iz e  o f  th e
p u ls e  i s  p r o p o r t i o n a l  t o  th e  energy  g iv e n  up by th e
r a d i a t i o n  t o  th e  s c i n t i l l a t o r .  The l i g h t  f ro m  th e
s c i n t i l l a t o r  l i b e r a t e s  e le c t r o n s  a t  th e  pho toca thode
o f  th e  p h o t o m u l t i p l i e r ,  th e  number b e in g  p r o p o r t i o n a l
t o  th e  ene rgy ,  e le c t r o n s  are a c c e le ra te d  by a dc
v o l ta g e  t o  th e  f i r s t  e le c t r o d e  where each e le c t r o n
l i b e r a t e s  a n o th e r  f o u r  o r  so. T h is  i s  re p e a te d  down
th e  tu b e  so t h a t  i n  a 10 s tage  tu b e  t h e r e  i s  a g a in  
10
o f  4 . The r e s u l t i n g  p u ls e  i s  then  fe d  t o  an
a m p l i f i e r  and then  t o  a s c a le r  where i t  i s  re c o rd e d .
To ach ieve  maximum p u ls e  h e ig h t ,  th e  s c i n t i l l a t o r  
c r y s t a l  i s  su rrounded  by a r e f l e c t o r ,  and th e  space 
between th e  c r y s t a l  and th e  p h o t o m u l t i p l i e r  f i l l e d  
w i t h  p a r a f f i n  o i l  o r  s i l i c o n e  o i l  o f  h ig h  v i s c o s i t y  
t o  im prove  th e  l i g h t  t r a n s m is s io n .
B e fo re  use th e  s c a le r  and s c i n t i l l a t i o n  c o u n te r  were
c a l i b r a t e d  u s in g  a s ta n d a rd  caesium-137 ^  -  source
and th e n  w i t h  a sodium-22 source w h ich  e m its  S * - ra y s
10
o f  th e  same energy  as th o s e  e m i t te d  by F C0.51MeV).
I n  each case a ^  - r a y  spectrum  was o b ta in e d  by 
m o n i to r in g  th e  coun ts  f rom  th e  source  w h i le  v a r y in g
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th e  a p p l ie d  v o l t a g e .  The ^ - r a y  spectrum  o b ta in e d  f o r  
th e  sod ium -22 source i s  shown in  f i g u r e  2 .7 .  D u r ing  
exp e r im e n ts  th e  s c a le r  was s e t  t o  coun t a t  th e  p o s i t i o n  
o f  th e  ^  -peak  -5%.
2 .5 .2  DECAY CORRECTION
The d i s i n t e g r a t i o n  o f  th e  n u c le i  o f  a r a d io a c t i v e  
m a t e r ia l  f o l l o w s  an e x p o n e n t ia l  law
-  \ tNt = N^e e q u a t io n  2 .8
when No = Number o f  u n s ta b le  atoms a t  t im e  t  = 0 
Nt = Number o f  u n s ta b le  atoms a t  t im e  t  
X  = decay c o n s ta n t
The r a te  o f  decay i s  i n d i c a t e d  by th e  h a l f  l i f e  o f  th e  
is o to p e
T 1 ^ e q u a t io n  2 .9
S ince  th e  h a l f  l i f e  o f  f l u o r i n e - 1 8  i s  (1 0 9 .7 2 -0 .0 6  
m in u te s )  th e  r a te  o f  decay i s  such t h a t  s i g n i f i c a n t  
decay o ccu rs  w i t h i n  th e  t im e  taken  t o  c a r r y  ou t one 
e x p e r im e n t .  T h is  means t h a t  a l l  e x p e r im e n ta l  d a ta  
o b ta in e d  must be c o r re c te d  f o r  decay b e fo re  b e ing  
a n a lys e d .  A l l  r e s u l t s  were c o r r e c te d  t o  th e  t im e  
o f  th e  l a s t  measurement ta ke n  u s in g  e q u a t io n  2 . 8 . 
A l l  c a l c u la t i o n s  were c a r r i e d  ou t by m ic rocom pu te r .
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L i s t i n g s  and e x p la n a t io n s  o f  a l l  com puter programmes 
are  g ive n  i n  th e  append ix .
2 .6  BACKGROUND
The coun t re co rd e d  i n  any ra d io c h e m ic a l  a n a ly s is  in c lu d e s  a 
c o n t r i b u t i o n  fro m  sources o th e r  than  th e  sample. Background 
a c t i v i t y  can be t ra c e d  t o  th e  e x is te n c e  o f  m inu te  q u a n t i t i e s  
o f  radon is o to p e s  i n  th e  atmosphere, t o  th e  m a te r ia l s  used 
i n  c o n s t r u c t i o n  o f  th e  la b o r a to r y ,  t o  cosm ic r a d i a t i o n ,  and 
t o  th e  r e le a s e  o f  r a d io a c t i v e  m a te r ia ls  i n t o  th e  e a r th b  
a tm osphere . In  o rd e r  t o  o b ta in  a t r u e  coun t i t  i s  necessary  
t o  c o r r e c t  th e  t o t a l  coun t f o r  background.
C^ = C -  C, E q u a t io n  2 .10
t  o b
where C, = t r u e  count
t
C = observed counto
= background count
The l e v e l  o f  background r a d i a t i o n  can be reduced by s h ie ld in g
th e  c o u n t in g  equ ipm en t. The s c i n t i l l a t i o n  c o u n te r  used f o r  
18c o u n t in g  F samples i s  encased i n  lead  f o r  t h i s  reason . The 
and samples were counted  i n  a g la s s  r e a c t io n  v e s s e l  
w h ich  c ou ld  no t  be s h ie ld e d  and c o n s e q u e n t ly  a h ig h e r  background 
coun t was o b ta in e d  i n  th e se  e x p e r im e n ts .
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2 .7  STATISTICAL ERRORS
The decay o f  a r a d io is o to p e  i s  a c o m p le te ly  random process  
and i s  t h e r e fo r e  s u b je c t  t o  f l u c t u a t i o n  due t o  th e  
s t a t i s t i c a l  n a tu re  o f  th e  p ro c e ss .  T h is  means t h a t  i f  a 
sou rce  o f  c o n s ta n t  a c t i v i t y  i s  measured i n  such a way as t o  
e xc lu d e  a l l  o t h e r  e r r o r s  i n  measurement, th e  number o f  
d i s i n t e g r a t i o n s  observed i n  su cce ss ive  p e r io d s  o f  f i x e d  
d u r a t io n  w i l l  n o t  be c o n s ta n t .  The p r o b a b i l i t y  WCm) o f  
o b t a in in g  j u s t  m d i s i n t e g r a t i o n s  i n  t im e  t  f ro m  o r i g i n a l  
r a d io a c t i v e  atoms i s  g ive n  by th e  b in o m ia l  e x p re s s io n :
Wm = ^ o ' p^  (1 -  p )^ o  ^  e q u a t io n  2.11
(N - m ] ! m! o
where p i s  th e  p r o b a b i l i t y  o f  a d i s i n t e g r a t i o n  o c c u r r in g
w i t h i n  th e  t im e  o f  o b s e r v a t io n .  From t h i s  e x p re s s io n  i t  can 
73be shown t h a t  th e  expected  s ta n d a rd  d e v ia t io n  f o r  
r a d io a c t i v e  d i s i n t e g r a t i o n  & i s  g iv e n  by:
r~~~ — xt& = \  me e q u a t io n  2 .12
In  p r a c t i c e  th e  o b s e rv a t io n  t im e  t  i s  s h o r t  compared t o  
th e  h a l f  l i f e  so X t  i s  s m a l l .  When t h i s  i s  so:
6  = yf~m e q u a t io n  2 .1 3
where m i s  th e  number o f  coun ts  o b ta in e d .  In  t h i s  work a l l  
e r r o r s  quo ted  on ra d io c h e m ic a l  measurements a re  th e  co m b in a t io n
-49-
o f  th e  u n c e r t a in t y  i n  th e  p h y s ic a l  measurements such as 
w e ig h t  o f  sample and p re ssu re  o f  gas, and th e  u n c e r t a in t y  
i n  th e  coun t o b ta in e d .
14 35
2 .8  C AND S COUNTING APPARATUS
R e a c t io n s  i n v o l v i n g  ca rbon -14  o r  s u lp h u r -3 5  l a b e l l e d  sp e c ie s  
were m o n ito re d  u s in g  th e  appa ra tus  shown i n  f i g u r e  2 . 8 .
T h is  c o n s is te d  o f  two i n t e r c a l i b r a t e d  GM tu b e s  c o n ta in e d  i n  
a c a l i b r a t e d  evacuab le  g la s s  v e s s e l  wh ich  a l lo w e d  th e  s u r fa c e  
r a d i o a c t i v i t y  t o  be de te rm ined  d i r e c t l y . I n  o rd e r  t o  ensure  
an i d e n t i c a l  c o u n t in g  geom etry f o r  each GM tube  ca re  was 
ta ke n  t o  keep bo th  tu b e s  a t th e  same h e ig h t .  A s o l i d  sample 
c o u ld  be p la ce d  d i r e c t l y  beneath e i t h e r  o f  th e  GM tu b e s  by 
means o f  a movable g la s s  sample b o a t .  In  o r d e r  t o  t e s t  t h a t  
o n ly  th e  GM tube  w i t h  an a c t i v e  s o l i d  beneath  i t  r e g is t e r e d  coun ts  
f ro m  th e  s o l i d ,  th e  coun ts  from  bo th  GM tu b e s  were m o n ito re d  
w i t h  a 137-caesium  source  p laced  d i r e c t l y  be low one o f  th e  
t u b e s . [T a b le  2 . 1 ] .
The tu b e  w i t h  th e  137-caesium source under i t  gave a la r g e  
c oun t whereas th e  o th e r  tube  gave o n ly  a background co u n t .
GM tube  c o u n t in g  c h a r a c t e r i s t i c s  v a ry  s l i g h t l y  f ro m  tube  t o  
tube  so th e  two co n ta in e d  in  th e  c o u n t in g  v e s s e l  were 
i n t e r c a l i b r a t e d  b e fo re  use by re c o r d in g  th e  coun ts  o b ta in e d
fro m  d i f f e r e n t  p re ssu re s  o f  r a d io a c t i v e  gas . A s e t  o f
35


























TABLE 2 .1 OBSERVED COUNT RATES
POSITION OF 137cs
TUBE 1 




137cs under 1 85.23 0.65
under 1 82.19 0.59
under 1 83.36 0.62
137cs under 2 0 .57 90.15
137cs under 2 0.59 89.79
under 2 0.56 91.87
TABLE 2 .2
35SF^ PRESSURE vs COUNT RATE
PRESSURE
T o r r
COUNT RATE TUBE 1 
COUNTS SEC 1
COUNT RATE TUBE 2 
COUNTS SEC 1
+ + +
10 -  1 59.56 -  0 .77 59.63  -  0 .77
+ +
19 -  1 108.13 -  1.04 109.76 -  1 .05
+ + +
27 -  1 154.35 -  1.24 158.52 -  1 .26
+ + +
54 -  1 272.05 -  1.65 276 .03  -  1 .66
+ + +
79 -  1 418.51 -  2 .05 425.16 -  2 .06
116 -  1 607.75 -  2 .47 616.57 -  2 .48
150 -  1 784.29 -  2 .80 796.76 -  2 .82
+ +
210 -  1 1090.81 -  3 .30 1105.46 -  3 .32
+ + +
302 -  1 1574.48 -  3 .97 1593.51 -  3 .99
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A p l o t  o f  p re s s u re  ve rsus  coun ts  g iv e s  a s t r a i g h t  l i n e  wh ich  
passes th ro u g h  th e  o r i g i n  as shown i n  f i g u r e  2 . 9 .
The c o r r e l a t i o n  f a c t o r  f o r  th e  two tu b e s  was o b ta in e d  by 
p l o t t i n g  th e  coun ts  o b ta in e d  fro m  tube  1 a g a in s t  th o se  
o b ta in e d  fro m  tube  2. A s t r a i g h t  l i n e  w i t h  g r a d ie n t  equa l 
t o  th e  c o r r e l a t i o n  f a c t o r  was o b ta in e d  [ f i g u r e  2 .10  3 
t y p i c a l l y  1.1 -  1 . 2 .
S e v e ra l  d i f f e r e n t  p a i r s  o f  GM tu b e s  were used i n  th e  course  
o f  t h i s  w ork .  F o r  each new p a i r ,  new p la te a u  r e g io n s  and 
c o r r e l a t i o n  f a c t o r  were d e te rm ined .
R a d io t r a c e r  e xp e r im e n ts  were c a r r ie d  ou t by f i r s t  rem ov ing  
f l a s k  A fro m  th e  c o u n t in g  v e ss e l  and lo a d in g  i t  w i t h  an 
a c c u r a te ly  weighed amount o f  th e  r e q u i r e d  s o l i d  i n  an i n e r t  
a tmosphere box. The f l a s k  was a t ta c h e d  t o  th e  vacuum l i n e  
and evacua ted  b e fo re  b e ing  re - a t ta c h e d  t o  th e  c o u n t in g  
v e s s e l  w h ich  was then  pumped f o r  30 m in u te s .  A f t e r  30 m in u te s  
a measured p re s s u re  o f  r a d io a c t i v e  gas was a d m it te d  t o  th e  
c o u n t in g  c e l l  and two 100 second c o u n ts  ta k e n .  The average 
v a lu e  o f  th e  coun ts  o b ta in e d  was taken  as th e  a c t i v i t y  o f  
th e  gas b e fo re  r e a c t io n .  The r a d io a c t i v e  gas was then  
removed from  th e  c o u n t in g  ve s s e l  by condens ing  i n t o  F la s k  B. 
The f l a s k  c o n ta in in g  th e  s o l i d  was then  opened and th e  
s o l i d  a l lo w e d  t o  f a l l  i n t o  th e  movable sample b o a t ,  wh ich  
was then  p laced  d i r e c t l y  under one o f  th e  GM tu b e s .  The GM 
tu b e  w h ich  had th e  s o l i d  beneath i t  gave a count due t o  bo th  
th e  s o l i d  and th e  gas, w h i l s t  th e  o th e r  tube  gave a count
Figure 2 9
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Count r a t e ( t u be 2) counts sec^
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due o n ly  t o  th e  gas. The r e a c t io n  was fo l lo w e d  by m o n i to r in g  
th e  c o u n ts  f ro m  bo th  tu b e s  ove r  a p e r io d  o f  t im e .  The
d i f f e r e n c e  i n  coun ts  between th e  two GM tu b e s  gave a measure
o f  th e  a c t i v i t y  p re s e n t  on th e  s u r fa c e  o f  th e  s o l i d  and th e  
o v e r a l l  drop i n  gas phase coun ts  gave a measure o f  th e  t o t a l
up take  o f  gas by th e  b u lk  o f  the  s o l i d .
2 .9  FLUORINE-18 COUNTING APPARATUS
R e a c t io n s  i n v o l v i n g  f l u o r i n e - 1 8  l a b e l le d  s p e c ie s  were 
m o n ito re d  u s in g  th e  c o u n t in g  v e s s e ls  shown in  f i g u r e  2 . 11 .
Type 1 was used t o  count s ta n d a rd  samples o f  gas and ty p e  
2 was used t o  f o l l o w  th e  r e a c t io n  between f l u o r i n e - 1 8  la b e l l e d  
gas and a non a c t i v e  s o l i d .
A weighed amount o f  th e  r e q u i re d  s o l i d  was p la ce d  i n  one l im b
o f  th e  tw in  l im bed  f l a s k  i n  an i n e r t  atmosphere box. The
f l a s k  was th e n  t r a n s f e r r e d  t o  th e  vacuum l i n e  and evacuated
18
f o r  30 m in u te s .  A measured p re ssu re  o f  F la b e l l e d  gas was 
then  a d m it te d  t o  th e  f l a s k  and th e  r e a c t io n  f o l lo w e d  by 
c o u n t in g  each l im b  a l t e r n a t e l y  o ve r  a p e r io d  o f  t im e .  The 
l im b  c o n ta in in g  th e  s o l i d  gave co un ts  due t o  gas and s o l i d ,  
w h i l s t  th e  o th e r  l im b  gave coun ts  due t o  gas a lo n e .  The 
d i f f e r e n c e  between th e  two b e ing  a measure o f  th e  a c t i v i t y  
p re s e n t  i n  th e  s o l i d .  A f t e r  r e a c t io n  th e  r a d io a c t i v e  gas was 
t r a n s f e r r e d  f ro m  th e  tw in  l im bed f l a s k  i n t o  a p re -w e ig h e d  f l a s k  
o f  ty p e  1 and i t s  s p e c i f i c  count r a te  c a lc u la t e d .  The s p e c i f i c  

















s p e c i f i c  coun t r a t e  o f  a sample o f  th e  gas ta ke n  b e fo re
r e a c t io n  t o  de te rm in e  w he ther th e  a c t i v i t y  i n  th e  s o l i d  was 
18
due t o  F exchange between th e  s o l i d  and th e  gas o r  t o  
up take  o f  th e  gas by th e  s o l i d .
F lu o r in e - 1 8  l a b e l l e d  samples were counted u s in g  a w e l l  ty p e  
s c i n t i l l a t i o n  c o u n te r .  A w e l l  c o u n te r  i s  le s s  e f f i c i e n t  a t 
c o u n t in g  m a te r ia l s  i n  th e  gas phase than  th o se  i n  e i t h e r  
s o l i d  o r  l i q u i d  phases s in ce  o n ly  th e  m a te r ia l  wh ich  i s  
a c t u a l l y  i n  th e  w e l l  o f  th e  c o u n te r  i s  coun ted . In  o rd e r  
t o  overcome t h i s  p rob lem  BF^ F and AsF^ F were coun ted  as 
t h e i r  adduc ts  w i th  MeCN. SF^^ was counted  as i t s  
adduct w i t h  p y r id in e  and COF^^F was counted  as a s o l i d  
a t  -  196°C by f r e e z in g  i n  l i q u i d  n i t r o g e n .
To t e s t  th e  v a l i d i t y  o f  t h i s  method o f  c o u n t in g ,  c o u n t in g
f l a s k s  were f i l l e d  w i t h  v a ry in g  amounts o f  l a b e l l e d  gas and
th e  adduc ts  fo rm ed . The samples were coun ted , a l i n e a r
r e l a t i o n s h i p  between th e  amount o f  gas i n  th e  f l a s k  and count
r a te  was o b ta in e d  in  each case. F ig u re  2.12 shows a p l o t  o f
18coun t r a t e  vs amount o f  BF^ F.
2 .1 0  PREPARATION OF RADIOCHEMICALLY LABELLED SPECIES
2 .1 0 .1  PREPARATION OF Cs^^F
F lu o r in e - 1 8  was p repa red  in  th e  S c o t t i s h  U n i v e r s i t i e s  
Research R ea c to r ,  East K i l b r i d e  u s in g  th e  i r r a d i a t i o n
Fi g u r e  2 12
Count r a t e  vs amount  of B Et^
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Amount of BF^F. Çt^ mmol
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scheme L i  ) t  : 0 Ct, n )^ ^ F .  T h is  scheme
r e q u i r e s  L i  and 0 t o  be i n t i m a t e l y  m ixed. To 
ach ieve  t h i s  Li^CG^ (BDH A n a la r )  i s  used as th e  
t a r g e t  m a t e r ia l .
'^ss i r r a d i a t e d  w i t h  a n e u tro n  f l u x  o f
1 2 - 2 - 1  18 
3 X 10 n cm s f o r  30 m in u te s .  The L i  F produced
18i n  th e  i r r a d i a t i o n  was co n ve r te d  t o  H F by r e a c t io n
w i t h  50% H^SO^. The H^^F was d i s t i l l e d  i n t o  a
s o lu t i o n  o f  CsDH a t  0°C. The s o lu t i o n  was then
n e u t r a l i s e d  by a d d i t i o n  o f  HF and evapo ra te d  t o
18dryness  on a h o tp la te  t o  g iv e  Cs F as a f i n e l y
d iv id e d  w h i te  powder. B e fo re  be ing  used t o  l a b e l
18
gaseous f l u o r i d e s  th e  Cs F was f u r t h e r  d r ie d  by
h e a t in g  a t  120°C under vacuum f o r  30 m in u te s .
I r r a d i a t i o n  o f  2g o f  l i t h i u m  c a rbona te  gave r i s e  t o  
18
a y i e l d  o f  F o f  between 40 j jC i  and 65 j j  C i .
2 .1 0 .2  PREPARATION OF B^^FF^ AsF^^^F CGF^^F AND SF^^^F
"'^F la b e l l e d  boron t r i f l u o r i d e ,  a r s e n ic  p e n t a f lu o r id e
and c a rb o n y l  f l u o r i d e  were p repa red  by h ig h
18te m p e ra tu re  exchange w i th  Cs F i n  a Monel m e ta l
18
p re s s u re  v e s s e l .  P re v io u s  work has shown t h a t  Cs F 
undergoes h igh  te m p e ra tu re  f l u o r i n e  exchange more 
r e a d i l y  than  any o th e r  Group 1 f l u o r i d e .
F la b e l l e d  s u lp h u r  t e t r a f l u o r i d e  p repa red  by t h i s  
method has a s p e c i f i c  count r a te  w h ich  i s  to o  low .
54-
Sü l a b e l l e d  SF^ was p repared  by f i r s t  l a b e l l i n g  
BF^ th e n  fo rm in g  i t s  adduct w i t h  SF^^^ and a l lo w in g  
th e  adduct t o  exchange a t  room te m p e ra tu re  f o r  tw e n ty  
m in u te s  b e fo re  decomposing w i t h  measured amounts 
o f  d r y  d i e t h y l  e th e r .
V a r io u s  r e a c t io n  c o n d i t io n s  were used i n  o r d e r  t o
d e te rm in e  th o se  which gave th e  g r e a te s t  i n c o r p o r a t io n  
o f  F . The r e s u l t s  o f  these  e xp e r im e n ts  f o r  each 
ty p e  o f  gas la b e l l e d  a re  l i s t e d  i n  t a b le s  2 .3  -  2 .6
From th e  r e s u l t s  l i s t e d  in  t a b le  2 .3  i t  can be seen
t h a t  in c r e a s in g  th e  te m p e ra tu re  o f  r e a c t io n  and
10
p re s s u re  o f  gas in c re a s e  th e  i n c o r p o r a t io n  o f  F
i n  BFg. Tab le  2 .4  l i s t s  th e  r e s u l t s  o f  a s e r ie s  o f
18exp e r im e n ts  i n  w h ich  th e  Cs F was a c t i v a te d  b e fo re
use by r e a c t io n  w i t h  h e x a f lu o ro a c e to n e  f o r  30 min
th e n  h e a t in g  under vacuum a t 12G°C f o r  30 min .
These r e s u l t s  show t h a t  p re t re a tm e n t  w i t h
h e x a f lu o ro a c e to n e  has a much g re a te r  e f f e c t  on th e  
18amount o f  F in c o rp o ra te d  than  in c r e a s in g  p re s s u re  
o r  te m p e ra tu re .  T h is  i s  due t o  an in c re a s e  in  th e  
s u r fa c e  area o f  th e  caesium f l u o r i d e  caused by 
r e a c t io n  w i t h  h e x a f lu o ro a c e to n e  [see chap t 3) and 
hence a g r e a te r  s o l i d  s u r fa c e  a v a i l a b le  f o r  r e a c t io n  
w i t h  th e  BFg.
18S ince p re t re a tm e n t  o f  th e  Cs F w i t h  h e x a f lu o ro a c e to n e  
had such a marked e f f e c t  on th e  in c o r p o r a t io n  o f  ^®F
TABLE 2 .3
BFg LABELLING
EFFECT OF TEMPERATURE AND PRESSURE ON ^^F INCORPORATION
P re ss u re  o f  BF^ 





A c t i v i t y  o f  
Cs^«F
Counts i n  100 sec 
-1
Gas Phase m mol
510 85 60 30 }J Ci 648
510 85 60 25 p C i 616
510 100 60 30 ;j C i 912
510 100 60 25 jj Ci 750
760 125 60 30 p C i 1028
760 125 60 30 p C i 1358
TABLE 2 .4
BFg LABELLING
EFFECT OF PRESSURE ON ^®F INCORPORATION AFTER TREATMENT OF 
Cs^®F w i t h  [CFgj^CO
P re ssu re  o f  BF^ 





A c t i v i t y  o f  
C s '^F
Counts i n  100 sec 
— ̂
Gas Phase m mol
760 125 60 45 p Ci 2467
760 125 60 35 p Ci 1906
1010 125 60 45 p Ci 3586
1010 125 60 55 p Ci 6690
1010 125 60 55 p Ci 5915
1010 125 60 55 p C i 6203
■55-
18
BFg th e  Cs F was t r e a te d  in  t h i s  way b e fo re  
d e te rm in in g  optimum c o n d i t io n s  f o r  th e  l a b e l l i n g  
o f  AsFg and F^CO. The r e s u l t s  o f  th e se  exp e r im e n ts  
a re  l i s t e d  in  ta b le s  2 .5  and 2 .6 .  These r e s u l t s  
a ls o  show a dependence on te m p e ra tu re  and p re s s u re .  
T ab le  2 .7  l i s t s  th e  optimum c o n d i t io n s  f o r  
l a b e l l i n g  each ty p e  o f  gas.
18
D u r in g  th e  exchange re a c t io n  between Cs F and BF^ 
a p p ro x im a te ly  6m mol o f  BF^ were r e ta in e d  by th e  
Cs F [Gm m o l) .  I n f r a  red e x a m in a t io n  o f  th e  s o l i d  
a f t e r  r e a c t io n  shows bands wh ich  can be ass igned  
t o  BF^.
T h is ,  t o g e th e r  w i t h  th e  f a c t  t h a t  i n c r e a s in g  te m p e ra tu re
18
and p re ssu re  in c re a s e  in c o r p o r a t io n  o f  F, i n d i c a t e s  
t h a t  th e  exchange r e a c t io n  occu rs  i n  two d i s t i n c t  
s ta g e s .  The f i r s t  s tage  i s  a d s o rp t io n  o f  BF^ and 
r e a c t io n  t o  fo rm  BF^ and then  exchange between BF^ 
and BFg.
In  th e  expe r im en t i n v o l v i n g  AsF^ and F^CD uptake  
o f  gas was observed a l th o u g h  t o  a le s s e r  e x te n t  
than  t h a t  observed f o r  BF^. I n f r a  red  e xa m in a t io n
o f  th e  CsF a f t e r  r e a c t io n  in d ic a te d  th e  p resence
-  18 
o f  AsF" and CDF" su g g e s t in g  t h a t  F exchange 
6 3
occu rs  in  th e  same way as i n  th e  CsF BF^ system.
TABLE 2.5
AsF^ LABELLING
EFFECT OF TEMPERATURE AND PRESSURE DN "*^F INCORPORATION
P re ss u re  o f  






P r e t r e a t
A c t i v i t y  o f  
Cs'«F
Counts in  100 sec 
Gas Phase
760 85 60 N 45 p C i
— ^
1356 m mol
1010 125 60 N 35 p C i 1780
1010 125 60 Y 45 p C i 3471
1010 100 60 Y 40 p Ci 3159
TABLE 2 .6  
F^CO LABELLING
18.
EFFECT OF TEMPERATURE AND PRESSURE ON F INCORPORATION
P re ss u re  o f  







A c t i v i t y  o f  
Cs '«F
Counts in  100 sec 
Gas Phase
760 100 60 N 65 p Ci 5876 m mol
1010 100 60 N 60 p C i 6499
1010 100 60 Y 65 p C i 11898
TABLE 2 .7
OPTIMUM LABELLING CONDITIONS
Gas Type P ressu re  T o r r Temp °C Exchange Time (CFg)^*^^ T rea tm ent
AsF^ 1010 125 60 min Y
8^3
1010 100 60 min Y
FgCO 1010 100 60 min Y
“56-
2 .1 0 .3  PREPARATION OF '’ ^FNO
S e ve ra l methods were t r i e d  in  an a t te m p t t o  produce 
n i t r o s y l  f l u o r i d e  o f  h igh  enough s p e c i f i c  coun t 
r a t e  t o  be u s e fu l  f o r  exchange r e a c t io n s .
The f i r s t  method t r i e d  was t h a t  o f  R a t c l i f f e  and
62 /] g
Shreeve . N0 2 ( 2m mol) was condensed on to  th e  Cs F 
i n  a s t a in le s s  s te e l  p ressu re  v e s s e l  a t  -lOc'^C and 
th e  v e s s e l  l e f t  a t  room te m p e ra tu re  f o r  1 hou r.
1 a
Due t o  th e  s h o r t  h a l f  l i f e  o f  F (110 m in u te s )  
t h i s  was th e  maximum t im e  t h a t  c o u ld  be a l lo w e d  f o r  
r e a c t io n .  Under these  c o n d i t io n s  v e ry  l i t t l e  ^^FNO 
was produced.
In  an e f f o r t  t o  improve on t h i s  th e  caesium f l u o r i d e  
was p re t r e a te d  w i t h  h e x a f lu o ro a c e to n e  b e fo re  use 
by condens ing  i n t o  th e  v e s se l  (CF^^g^O ( 10m m o l) .
The v e s s e l  was l e f t  a t  room te m p e ra tu re  f o r  30 min 
and th e n  heated a t 120°C f o r  30 m in.
18
When t h i s  p re t r e a te d  Cs F was t r e a t e d  w i t h  NO^ th e
r e s u l t  was as in  th e  p re v io u s  a t te m p t ,  a n e g l ig a b le  
18
y i e l d  o f  NO F .
In  a second paper R a t c l i f f e  and Shreeve s t a te  
t h a t  r e a c t io n  between CsF and NO^ i s  com p le te  i n  
15 m inu tes  i f  th e  r e a c t io n  i s  c a r r ie d  ou t a t  300°C.
-57-
A t h i r d  p r e p a ra t io n  was a t te m p ted  in  wh ich  th e  Cs F
was f i r s t  p re t r e a te d  w i t h  h e x a f lu o ro a c e to n e  and th e
r e a c t io n  w i t h  NO^ c a r r ie d  ou t a t 250°C ( th e  l i m i t
o f  th e  a v a i l a b le  h e a t in g  c o i l ) .  The amount o f  
18
F NO produced i n  t h i s  r e a c t io n  was to o  s m a l l  t o  be 
o f  any use.
The main f a c t o r  a f f e c t i n g  th e  y i e l d  appears t o  be
18
th e  s m a l l  amount o f  Cs F produced by th e  r e a c t o r
as th e  r e a c t io n  o f  CsF w i t h  NOF r e q u i r e s  CsF to
be i n  excess . In  v iew  o f  t h i s  i t  was dec ided  t o  add 
18
t o  th e  Cs F p roduced by th e  r e a c t o r  lOg (65.8m mol) 
o f  h e x a f lu o ro a c e to n e  a c t i v i a t e d  caesium f l u o r i d e ,  as 
a c t i v a t e d  caesium f l u o r i d e  i s  Known t o  re a c t  
in s ta n ta n e o u s ly  w i t h  NO^ and th e  a d d i t i o n  o f  IGg o f  
CsF wou ld  g iv e  th e  re q u i re d  excess.
T h is  p r e p a r a t io n  r e s u l t e d  i n  a re asonab le  y i e l d  o f  
18NO F (2m m ol) bu t w i t h  a ve ry  low  s p e c i f i c  count 
-1
r a te  (3 .5  coun t s ) w h ich  was to o  low t o  be o f  
use i n  r a d i o t r a c e r  e x p e r im e n ts .
A t te m p ts  t o  l a b e l  NOF by h ig h  te m p e ra tu re  exchange 
w i t h  Cs^^F were a ls o  u n s u c c e s s fu l  r e s u l t i n g  i n  NO^^F 
o f  to o  low s p e c i f i c  count r a te  t o  be o f  any use.
As a r e s u l t  no f u r t h e r  work w i t h  n i t r o s y l  f l u o r i d e  
was c a r r ie d  o u t .
“58-
2 .1 0 .4  PREPARATION AND PURIFICATION OF
35
S la b e l l e d  s u lp h u r  t e t r a f l u o r i d e  was p repa red  fro m  
e le m e n ta l  s u lp h u r  and io d in e  p e n t a f lu o r id e  a c c o rd in g  
t o  e q u a t io n  2 .14
5S + 4 IF ^ —► 5SF^ + 21^ e q u a t io n  2 .14
35
Rhombic ( S) -  s u lp h u r  (1 m C i,  s p e c i f i c  a c t i v i t y  
30 m Ci mg -  atom , The R ad iochem ica l C e n tre ,  
Amersham] was d is s o lv e d  in  d ry  CS^ and d i l u t e d  
by a d d i t i o n  t o  a Monel m eta l p re ssu re  v e s s e l  
c o n ta in in g  i n a c t i v e  s u lp h u r  (7.0m mol) a ls o  d is s o lv e d  
i n  CS^. The CS^ was removed under vacuum and 
p u r i f i e d  io d in e  p e n ta f lu o r id e  (44.8m mol) added by 
vacuum d i s t i l l a t i o n .  The v e ss e l  was heated a t  
100°C f o r  12 hours fo l lo w e d  by 200°C f o r  48 hou rs .  
A f t e r  r e a c t io n  th e  v o l a t i l e  m a te r ia l  was removed 
a t  -80°C and condensed i n t o  a n o th e r  monel v e s s e l  
c o n ta in in g  predrCed sodium f l u o r i d e .
35The SF^ was. p u r i f i e d  by r e a c t io n  w i th  BF^ a t
-80°C t o  fo rm  ^^S F^ BF^^^. U nreacted  m a te r ia l
was removed by pumping a t  t h i s  te m p e ra tu re .  The
adduct was decomposed by add ing a c a lc u la t e d  amount
o 24
o f  d r ie d  d i e t h y l  e th e r  a t -80 C . The i n f r a  red 
35spectrum  o f  th e  SF^ ( t a b le  2 . 8 ) c o n ta in e d  no 
bands a t t r i b u t a b l e  to  SF^, SOF^ o r  S iF ^ .
TABLE 2.8
35 -1
INFRA RED SPECTRUM OF SF^ (cm ]
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The SF^ was d i l u t e d  w i t h  i n a c t i v e  SF^ (1 :2  r a t i o )  
t o  g iv e  a w o rk in g  s p e c i f i c  coun t r a t e  o f  258 -  3
-1 35
coun t s m mol . The S coun t r a t e  was de te rm ined  
u s in g  th e  c o u n t in g  v e s s e l  d e s c r ib e d  in  s e c t io n  2 .8  
( f i g u r e s  2 . 8 ) .  A l i n e a r  coun t r a t e  vs p re ss u re  
r e l a t i o n s h i p  was o b ta in e d  and i s  shown i n  f i g u r e  
2 .9 .
2 .1 0 .5  PREPARATION AND PURIFICATION OF F^ ^^CO
14 C l a b e l l e d  c a rb o n y l  f l u o r i d e  was p repa red  from  
c a rb o n y l  c h lo r i d e  and sodium f l u o r i d e .
14C -  c a rb o n y l  c h lo r id e  (1m C i ,  The R ad iochem ica l
C e n tre ,  Amersham) was s u p p l ie d  as a s o lu t i o n  in
to lu e n e  c o n ta in e d  i n  a g la s s  v i a l .  The g la s s
v i a l  and a Monel m e ta l p re s s u re  v e s s e l  were coo led
to  -78°C i n  s o l i d  CO^. When c o ld  th e  g la s s  v i a l
was c u t  open and th e  c o n te n ts  q u i c k l y  t r a n s f e r r e d
i n t o  th e  c o o le d  m e ta l v e s s e l .  The v i a l  was
r in s e d  w i t h  a s m a l l  amount o f  to lu e n e  < 1 0  ml)
and th e  wash ings added t o  th e  m e ta l v e s s e l .  The
14
v e s s e l  was th e n  degassed and th e  C l^  CO t r a n s f e r r e d  
to  a second m e ta l v e s s e l  a t  -80°C by vacuum 
d i s t i l l a t i o n .  I n a c t i v e  Cl^CO (80m m ol) was then  
added t o  d i l u t e  th e  r a d io a c t i v e  sample.
-BO-
14
C l^  CO (30m mol) and Cl^CO (45 m mol) were 
condensed i n t o  a p re s su re  v e s s e l  c o n ta in in g  NaF; 
(41g, 900m mol) and 40 ml o f  a c e t o n i t r i l e .  The 
v e s s e l  was then  l e f t  a t  room te m p e ra tu re  w i t h  
o c c a s io n a l  shak ing  f o r  36 hou rs .
14 o
F^ CO was removed a t  -80 C and p u r i f i e d  by
14
t r a p  t o  t r a p  d i s t i l l a t i o n .  The F^ CO had a
+ -'[ 
s p e c i f i c  coun t r a te  o f  135 -  2 count s m mol
A l i n e a r  coun t r a t e  vs p re ssu re  r e l a t i o n s h i p  was
o b ta in e d  and i s  shown in  f i g u r e  2 .1 3 .
14
2 .1 0 .6  PURIFICATION OF CO^
14
CO^ (2m m ol, 1m C i)  wh ich  had been p repa red  by
14th e  a d d i t i o n  o f  a c id  t o  Ba CO^ was d r ie d  by th re e  
t r a p  t o  t r a p  d i s t i l l a t i o n s  o v e r  f r e s h  "  GO°C.
I t  was th e n  d i l u t e d  w i t h  non r a d io a c t i v e  CO^ t o
+ -1
g iv e  a s p e c i f i c  a c t i v i t y  o f  2150 -  5 ooun ts  s m mol
b e fo re  b e ing  t r a n s f e r r e d  t o  a la r g e  volume s to ra g e
b u lb  c o n ta in in g  f r e s h  and l e f t  a t  room
te m p e ra tu re  f o r  tw e lv e  hours b e fo re  use. A l i n e a r
coun t r a te  vs p re ssu re  r e l a t i o n s h ip  was o b ta in e d  and
i s  shown i n  f i g u r e  2 .1 4 .
ooOoo
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CHAPTER 3
ACTIVATION OF CAESIUM FLUORIOE
INTRODUCTION
When caesium f l u o r i d e  i s  used as a c a t a l y s t  i t  i s  u s u a l l y  
p r e t r e a te d  i n  some way. Methods o f  p re t re a tm e n t  range from  
s im p ly  h e a t in g  and g r in d in g  i n  an i n e r t  atmosphere t o  fo r m a t io n  
and subsequent th e rm a l  d e c o m p o s it io n  o f  a chem ica l a d d u c t . ^ ^ ' ^ ^ ' ^ ^
The caesium f l u o r i d e  used i n  t h i s  work was p re t r e a te d  by r e a c t io n
w i t h  (C Fg)^^^  i n  MeCN t o  fo rm  Cs^ OCF( ^ ^ 2 ^2 ’ th e n  decomposed
by h e a t in g  under vacuum t o  leave  a c t i v a te d  CsF. T h is  a c t i v a t i o n
83
p ro ce ss  i s  known t o  in c re a s e  th e  s u r fa c e  area and a ls o  t o  enhance 
57
th e  r e a c t i v i t y  o f  th e  caesium f l u o r i d e .  The e f f e c t  o f  t r e a t i n g  
th e  caesium f l u o r i d e  w i t h  F^CO in  MeCN was a ls o  s tu d ie d  and th e  
r e s u l t s  compared w i t h  those  o f  (CF^Î^*^^ a c t i v a te d  CsF.
B e fo re  c a r r y in g  ou t  any r a d i o t r a c e r  e xp e r im e n ts  w i t h  a c t i v a t e d  CsF
85
th e  in c re a s e  i n  s u r fa c e  area  was de te rm ined  u s in g  th e  K r B .E .T .
83method . S u r fa ce  areas a re  n o rm a l ly  measured by d e te rm in in g  th e
amount o f  gas adsorbed a t  a g ive n  te m p e ra tu re  as a f u n c t i o n  o f
p re s s u re .  When th e  s u r fa c e  area t o  be measured i s  s m a l l ,  t h a t  i s  
2
below 5m g - 1 , th e  change i n  p re ssu re  cannot be measured a c c u r a te ly  
by c o n v e n t io n a l  te c h n iq u e s .  For these  sm a l l  a reas k r y p to n -8 5  i s  
used as th e  adso rba te  and th e  s m a l l  changes i n  p re ss u re  can be
a c c u r a te ly  d e te rm in e d .  T h is  i s  done by c a l i b r a t i n g  th e  p re s su re  
a g a in s t  th e  coun t r a t e  o f  th e  K ryp ton  i n  coun ts  s e c " \
3 .1 EXPERIMENTAL
3 .1 .1  ACTIVATION OF CsF BY TREATMENT WITH (CF^]^CO
A c t iv a te d  caesium f l u o r i d e  was p repa red  a c c o rd in g
t o  th e  r e a c t io n  scheme shown below u s in g  a v a r i a t i o n
84
o f  th e  method d e s c r ib e d  by Redwood and W i l l i s .
CsFCs) + CCF„]„CO(g) C s*C so lv )  + CCF^J^FCO Csolv)
CsFCs) + [CFgj^COCg] ^  Cs"" OCF( CF^l^
Caesium f l u o r i d e  [4g , 26m mol, BOH Optran g rade ) was 
ground i n  an i n e r t  atmosphere box and p la ce d  i n  a 
s t a in le s s  s t e e l  p re s su re  v e s s e l  [Hoke I n c . )  t o g e th e r  
w i t h  f o u r  s t a in le s s  s t e e l  b a l l  b e a r in g s .  The v e s s e l  
was sea led  and evacuated and h e x a f lu o ro a c e to n e  
[30m m o l) ,  t o g e th e r  w i t h  a c e t o n i t r i l e  [5m l)  added by 
vacuum d i s t i l l a t i o n .  The v e s s e l  was a l lo w e d  t o  
warm t o  room te m p e ra tu re  and shaken f o r  tw e lv e  hou rs .  
A f t e r  tw e lv e  hours th e  a c e t o n i t r i l e  and un reac ted  
h e x a f lu o ro a c e to n e  were removed by vacuum d i s t i l l a t i o n .  
The i n f r a  red  spectrum o f  th e  p ro d u c t  a t  t h i s  s tage  
c o n s is te d  o f  te n  bands [T ab le  3 . 1 ) .  The r e s u l t s  
o f  a C and F a n a ly s is  show t h a t . t h e  p ro d u c t  i s  
Cs 0CF[CF2 ) 2 *
TABLE 3.1
I n f r a re d  spec trum  o f  Cs DCF ( CFg]2 f "11Com ]
1450 m V  CO
1350 w V  CF
1250 s •V CF
1210 s D CF
1150 s CF
1100 s V  CF
960 s V  CC
780 w CF
730 w S CF
630 w J  CF
TABLE 3 .2
I n f r a red  spec trum  o f  (CFg)2 CO (cm ]
85
1805 m V  CO A1
1340 sh V  CF B1
1265 w T) CF B1
1250 s CF A1
970 s i jC C B1
780 w ' V  CC A1
720 sh 6" CF B1
640 w S CF A1
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CsOCF (CF^)^ r e q u i r e s  C 11.32%, F 41.82%
Found C 11.24%, F 41.54%
The v e s s e l  was heated under vacuum a t 125°C f o r  
s ix te e n  hours t o  decompose th e  adduct fo rm ed. 
A f t e r  h e a t in g  th e  CsF was t r a n s f e r r e d  t o  an i n e r t  
atmosphere box where i t  was ground in  an agate  
m o r ta r  and p e s t le ,  and s to re d  in  a sea led  g la s s  
v e s s e l  u n t i l  r e q u i re d  f o r  use. A f t e r  a c t i v a t i o n  
th e  caesium f l u o r i d e  i s  an o f f  w h i te  c o lo u r  and 
resem bles t a l c  i n  appearance.
3 .1 .2  PREPARATION OF Cs OCF^
Caesium f l u o r i d e  (2g, 13m mol) was ground i n  an 
i n e r t  atmosphere box and p laced  in  a s t a in le s s  
s t e e l  p re s s u re  v e s s e l  equipped w i t h  a v a lv e .
C arbony l f l u o r i d e  (15 m mol) and a c e t o n i t r i l e  
(5m l) were added by vacuum d i s t i l l a t i o n .  The 
v e s s e l  was a l lo w e d  t o  warm to  room te m p e ra tu re  and 
shaken f o r  tw e lv e  hours . A f t e r  tw e lv e  hours 
th e  a c e t o n i t r i l e  and un reac ted  c a rb o n y l  f l u o r i d e  
were removed by vacuum d i s t i l l a t i o n .  The v e s s e l  
was then  t r a n s f e r r e d  t o  an i n e r t  atmosphere box where 
th e  Cs OCFg (13 m mol) produced was s to re d  i n  a 
sea led  g la s s  v e s se l  u n t i l  r e q u i r e d  f o r  use.
TABLE 3.3
-1
I n f r a  re d  spec trum  (cm ) o f  s o l i d  Cs OCF^ N u jo l  M u l l
P re s e n t  work L i t e r a t u r e 28 Assignm ent
2000 bw 
1825 w
1560 vs  b r  
1455 s 
1230 s 





1560 vs b r





^3 ""̂ 1 Hp;
■^2 *  HF‘
 ̂ CO s t r
■U3 Cq2 -  87
E CF^ asym s t r  
' ^ 2  ^^3  syni s t r
^ 3  A^ sym CF^ d e f  
E DCF d e f  
V g  asym CF^
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The i n f r a  red  spectrum  o f  th e  t r i f l u o r o m e t h o x id e  
c o n s is te d  o f  te n  bands ( t a b le  3 . 3 ) .
3 . 1 .3  DECOMPOSITION OF Cs OCF^
Cs OCFg (1g, 4.6m mol) was p laced  i n  a s t a in le s s  
s t e e l  p re s s u re  v e s s e l  equ ipped w i t h  a v a lv e  and 
heated under vacuum a t 120°C f o r  t h r e e  h o u rs .
The v e s s e l  was a l lo w e d  t o  co o l  and t r a n s f e r r e d  t o  
an i n e r t  atmosphere box. I n f r a  red  e x a m in a t io n  o f  
th e  p ro d u c t  showed t h a t  th e  t r i f l u o r o m e t h o x id e  
a n ion  was no lo n g e r  p re s e n t .
3 .1 .4  SURFACE AREA DETERMINATION
S u rfa ce  areas were de te rm ined  by th e  B .E .T .  method 
u s in g  th e  r a d io - i s o to p e ^ ^  K r as a d s o rb a te .  The 
app a ra tu s  was a m o d i f ie d  v e r s io n  o f  t h a t  d e s c r ib e d  
by Aylm ore and Jepson and c o n s is te d  o f  a 
c a l i b r a t e d  system connected t o  a s ta n d a rd  vacuum 
l i n e  system. The c a l i b r a t e d  s e c t io n ,  c o n s t ru c te d  
fro m  Pyrex  g la s s  c o n s is te d  o f  two s e ts  o f  b u lb s  
each w i t h  a m ercury  r e s e r v o i r ,  a ^^K r  s to ra g e  
b u lb  (B ) ,  a t h i n  w a l le d  c o u n t in g  v e s s e l  (C) and 
th e  adso rben t sample b u lb  (S ) .  T h is  system i s  
shown in  f i g u r e  3 .1 .
To
F i g ur e  3 1 B.E.T.  A p p a r a t u s
The c a l i b r a t e d  s e c t io n  was a ls o  connected  t o  
r e s e r v o i r s  c o n ta in in g  ®"Kr ( t ^  = 10 . By, p max = 
0.B7 MeV R ad iochem ica l C entre  Amersham) and 
i n a c t i v e  Kr (BOC L td ]  and t o  a t r a p  c o n ta in in g  
c h a rc o a l  a c t i v a te d  a t  578 K in  vacuo w hich was 
used t o  p repa re  d i l u t e d  ^K r o f  a s u i t a b le  w o rk in g  
a c t i v i t y .
A c a l i b r a t i o n  curve o f  ^^K r  count r a t e  ve rsus  p re s s u re  
was de te rm ined  (F ig u re  3 . 2 ] .  P ressu res  were measured 
u s in g  a P i r a n i  gauge and ^^K r a c t i v i t i e s  de te rm ined  
u s in g  a G e ig e r -M u l le r  c o u n te r  (M u l la rd  2P 1481] 
e x t e r n a l l y  mounted im m e d ia te ly  be low th e  c o u n t in g  
v e s s e l  C. The c o u n t in g  v e s s e l  was su rrounded  by 
lead  t o  c u t  down th e  e f f e c t  o f  background r a d i a t i o n .  
Twenty m inu tes  were re q u i re d  f o r  e q u i l i b r i u m  t o  be 
a t t a in e d  a f t e r  each p re ss u re  change. The coun t r a te s  
were rep roducub le , , th e  t im e  o f  c o u n t in g  b e ing
4
a d ju s te d  t o  g iv e  a t o t a l  coun t o f  ^>10 , t o  m in im ise  
c o u n t in g  e r r o r s .
The sample b u lb (5 ]  was loaded w i t h  an a c c u r a te ly  
weighed sample (0 .2  -  0 .5 g ,  1 .3  -  3.3m m o l]  o f  caesium 
f l u o r i d e  i n  an i n e r t  atmosphere box, and degassed 
o v e r n ig h t .  ^^K r was a d m it te d  t o  th e  m a n i fo ld  and by 
f i l l i n g  th e  b u lb s  w i t h  m ercury  th e  volume o f  th e  
system was changed th u s  a l t e r i n g  th e  p re s s u re ,  P.
F o r  eve ry  s u r fa c e  area d e te rm in a t io n  a graph o f  
volume v e rsus  te m p e ra tu re /p re s s u re  was drawn. T h is
F i g u r e  3 2 
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gave a s t r a i g h t  l i n e  w h ich  in t e r c e p te d  th e  y a x is  
a t  a volume equa l t o  th e  dead space o f  th e  a p pa ra tu s  
The sample b u lb  was then  c o o led  t o  77K in  l i q u i d  
n i t r o g e n .  A c o r r e c t io n  was made t o  ta k e  account 
o f  th e  e f f e c t i v e  volume o f  th e  a p p a ra tu s  when p a r t  
o f  th e  system was coo led  t o  77K. The c o r re c te d  
volume ve rsus  te m p e ra tu re /p re s s u re  p l o t  sh ou ld  be 
a l i n e  p a r a l l e l  t o  th e  room te m p e ra tu re  l i n e  w i t h  
an i n t e r c e p t  equa l t o  th e  dead space p lu s  th e  
te m p e ra tu re  c o r re c te d  volume. T h is  was v e r i f i e d  
e x p e r im e n ta l l y  by c a r r y in g  ou t an e xpe r im en t w i t h  
no CsF i n  th e  sample b u lb .
W ith  th e  b u lb  h e ld  a t  77K a second volume ve rsus  
te m p e ra tu re /p re s s u re  r e l a t i o n s h ip  was o b ta in e d .
T h is  was a s t r a i g h t  l i n e  w i t h  th e  same i n t e r c e p t  
as th e  te m p e ra tu re  c o r re c te d  l i n e  bu t w i t h  a 
d i f f e r e n t  g r a d ie n t .  The amount o f  ^ ^K r  adsorbed 
was c a lc u la t e d  by t a k in g  th e  d i f f e r e n c e  i n  vo lum e, 
AV , between th e se  two l i n e s .  The number o f  K r 
m o le c u le s  adsorbed Cn) i s  g iv e n  by e q u a t io n  3 .1 .
P A V  N 1
n = T R 760 x 10 E q u a t io n  3.1
Where P = P ressu re  CTorr)
AV = Change in  volume (m l)
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N = Avagadro number (6 .022  x 10 )
T = Temperature a t  w h ich  th e  a d s o rp t io n  
is o th e rm  i s  d e te rm in e d ,  t h a t  i s  77K 
R = Gas c o n s ta n t  (0 .082  1 a t  mol  ̂ K
The B .E .T .  e q u a t io n  (e q u a t io n  3 .2 )  s ta te s  t h a t
1 C-1
n(Ro-P) = NmC + NmC Po E q u a t io n  3 .2
where n = amount adsorbed a t  p re s s u re  P
P° = s a tu ra te d  vapour p re s s u re  o f  th e  gas a t 
th e  a d s o rp t io n  te m p e ra tu re  
C = c o n s ta n t  f o r  any p a r t i c u l a r  g a s / s o l i d  system 
Nm = q u a n t i t y  o f  gas r e q u i r e d  t o  fo rm  a m ono layer
T h e re fo re  a graph o f  n(Ro-R) ve rsus  R/F)o g iv e s  a
C-1 1
s t r a i g h t  l i n e  w i t h  g r a d ie n t  NmC and i n t e r c e p t  NmC.
Thus th e  s u r fa c e  area was c a lc u la te d  from  e q u a t io n  3 .3 ,
-2 0
19.5 X 10 2 -1
The s u r fa c e  area = wt o f  sample m g E q u a t io n  3 .3
-20 2where 19.5 x 10 m i s  th e  m o le c u la r  area  o f  K r .
A t y p i c a l  c a l c u la t i o n  i s  shown i n  t a b le  3 .4  and in  
f i g u r e s  3 .3  and 3 .4 .
From f i g u r e  3 .3
G ra d ie n t  = 0.7369 x 10
C-1
NmC = 0.7389 x 10
-18
TABLE 3.4
SURFACE AREA DETERMINATION OF ACTIVATED CsF
Volume Counts Temp Pressure T/P X 1 0 '^
ml
-1
sec °C T o r r °C T o r r " ^
183.37 47.06 20.1 0.131 0 .153 Room Tern
120.30 61.72 20 .7 0.177 0.117
6 0 .73 86.87 20.7 0.256 0.081
31.20 111.55 21.1 0 .333 0 .063
0 .00 153.30 21.0 0 .463 0.045
Volume Counts Temp P ressure T/P X 10"^
ml -1sec °C T o r r °C T o r r " ^
183.37 37.15 21 .4 0.100 0.214 L iq u id  N
120.30 45.32 21.6 0.126 0.171 Temp.
6 0 .73 60.48 21.7 0.173 0.125
31.20 71.97 22 .2 0.209 0.106
0 .00 89.77 22.0 0.265 0.083
A V n X 10- 1G
0
P -P r* fp ° -p ) P P
ml T o r r X n ( p ° - p ) x 10^^ Po
62 0 .773 2.390 1.847 0.054 0.040
53 0 .833 2.364 1.969 0.064 0.051
43 0.927 2.317 2.148 0.080 0.069
39 1.016 2.881 2.317 0.090 0.084
34 1.123 2.225 2.499 0.106 0.106
F i g u r e  3*3 
Volume vs ( T / Rx I O" ^  )
>
o  AO I
1 Room t emper a t ure  i sotherm
2 T h e o r e t i c a l  7 7 K i s o t h e r m










I n t e r c e p t  = 0.0262 X 1 0 T ^ ^  
1
NmC = 0.0262 x 10~^®
/C-1 _1_
Y  NmC + NmlNm = 1/N C 
Nm = 1.307 X 10^®
The s u r fa c e  area = Nm x m o le c u la r  area  o f  Kr
sample w e ig h t
1 .307 X 10^® X 19.5  X 1 0 "^ °
0 .0908
2.806 m^ g ^
3 .2  RESULTS
3 .2 .1  THE [CFg]_CO ACTIVATION PROCESS------------ J—Z-------------------------------------
The i n f r a  red  spectrum  o f  CsCOCF [CF^)^^ c o n s is t s  o f  
te n  bands CTable 3 .1 ) .  The band a t  1450 cm i s
ass igned  t o  th e  CO s t r e t c h in g  mode by ana logy  w i t h
2 -  -1 
th e  f r e q u e n c ie s  in  th e  io n s  00^ [1410 -  1450 cm ) ,
HCOO and CH^COO [n e a r  1570 cm ^ ) and CF^COO 
-1 84[1700 cm ) . Comparison o f  t h i s  f re q u e n c y  w i t h
th e  CO s t r e t c h in g  f re q u e n cy  i n  [CF^J^CO [ t a b l e  3 .2 )  
shows a s h i f t  o f  a p p ro x im a te ly  f o u r  hundred wave 
numbers, c o n s is te n t  w i t h  a change from  a CO doub le  
bond t o  a CO s in g le  bond. T h is  suggests  t h a t  th e
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r e a c t io n  o f  h e x a f lu o ro a c e to n e  w i t h  caesium f l u o r i d e  
r e s u l t s  i n  th e  fo rm a t io n  o f  an i o n i c  p ro d u c t ,  no t  
j u s t  a s im p le  adduc t.
The i n f r a  red spectrum  o f  th e  h e p ta f lu o r o is o p r o p o x id e
a f t e r  h e a t in g  under vacuum a t  125°C f o r  16 hours shows
th e  same te n  bands as those  l i s t e d  in  t a b l e  3 .1 ,
i n d i c a t i n g  t h a t  com ple te  de co m p o s it io n  does no t  o c c u r
84
as was p r e v io u s ly  th o u g h t .  In  an e f f o r t  t o  
q u a n t i f y  th e  amount o f  th e  an ion  re m a in in g ,  f l u o r i n e  
and carbon a n a lyse s  were c a r r i e d  ou t  on a sample 
o f  th e  h e p ta f lu o r o is o p ro p o x id e  a f t e r  h e a t in g .  The 
r e s u l t s  o f  th e se  a na lyses  a re  g ive n  be low :
CsCOCF r e q u i r e s  C 11.32%, F 41.82%
Found a f t e r  h e a t in g  C 0.29%, F 12.44%
Mole r a t i o  o f  carbon : f l u o r i n e  b e fo re  h e a t in g  = 1 :2 .3 3
Mole r a t i o  o f  carbon : f l u o r i n e  a f t e r  h e a t in g  = 1:27'.
The r e s u l t s  o f  th e  ana lyses  a f t e r  h e a t in g  co rrespond  
t o  a s o l i d  c o m p r is in g  a p p ro x im a te ly  99.5% CsF and
0.5% CsCOCF (C F g )^ ] .  Thus a l l  r e fe re n c e s  i n  t h i s
work t o  a c t i v a t e d  caesium f l u o r i d e  a c t u a l l y  r e f e r  t o  
a s o l i d  o f  t h i s  c o m p o s i t io n .
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3 .2 .2  PREPARATION AND DECOMPOSITION OF CsOCF^
The p r e p a r a t io n  o f  caesium t r i f l u o r m e t h o x i d e  by r e a c t io n
o f  o a rb o n y l  f l u o r i d e  w i t h  caesium f l u o r i d e  in  a c e t o n i t r i l e
was f i r s t  r e p o r te d  in  1965 by M E Redwood and C J 
27
W i l l i s .  The CsOCF^ formed was re p o r te d  t o  be 
c r y s t a l l i n e  and s ta b le  w i t h  re s p e c t  t o  d e co m p o s i t io n  
a t  room te m p e ra tu re .  I t s  r a t e  o f  d e co m p o s i t io n  a t  
80°C was r e p o r te d  t o  be v e ry  s low  w i t h  le s s  th a n  10% 
d e c o m p o s i t io n  a f t e r  80 m in u te s .  I t  has s in c e  been 
d is c o v e re d  t h a t  Cs OCF^ can be c o m p le te ly  decomposed 
by h e a t in g  under vacuum a t  120°C f o r  t h r e e  hou rs .
The caesium f l u o r i d e  which remained a f t e r  r e a c t io n  was 
s i m i l a r  i n  appearance t o  t h a t  o b ta in e d  a f t e r  t r e a tm e n t  
w i t h  h e x a f lu o ro a c e to n e  and had a s i m i l a r  B .E .T .  s u r fa c e  
a re a .
When CsCOCF CCF2 ) 2  ̂ i s  decomposed a s m a l l  amount o f  
th e  h e p ta f lu o ro is o p r o p o x id e  an ion  i s  r e t a in e d .  There 
i s  no ev idence  f o r  th e  r e t e n t i o n  o f  any o f  th e  
t r i f l u o r o m e t h o x id e  an ion  when Cs OCF^ i s  decomposed. 
W ith  t h i s  i n  mind a sample o f  caesium f l u o r i d e  was 
p r e t r e a te d  by fo r m a t io n  and subsequent d e c o m p o s it io n  
o f  Cs OCFg, and i t s  r e a c t io n s  w i t h  "'^F l a b e l l e d  BF^ 
were s tu d ie d .  The r e s u l t s  o b ta in e d  fro m  th e se  
e x p e r im e n ts  were oompared t o  th o se  o b ta in e d  from  
h e x a f lu o ro a c e to n e  p r e t r e a te d  caesium f l u o r i d e  i n  an 
a t te m p t  t o  d e te rm in e  w he the r o r  no t  th e  s m a l l  amount
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o f  r e t a in e d  ÜCF(CF2)2 has any e f f e c t  on th e
r e a c t io n s  [See C hap te r  4 s e c t io n  4 . 2 . 5 ) .
The CFgO an ion  has C^^ symmetry and has t h e r e f o r e
s i x  v i b r a t i o n a l  modes, 3 and 3E, a l l  o f  w h ich  are
i n f r a  red  a c t i v e .  Assignm ent o f  a l l  s i x  modes has
been accom p lished  by comparison w i t h  th e  v i b r a t i o n a l
28spec trum  o f  th e  i s o e le c t r o n i c  ONF^ . The i n f r a  red
spec trum  o f  th e  t r i f l u o r o m e t h o x id e  p repa red  i n  s e c t io n
3 .1 .2  c o n ta in e d  te n  b rands . The IR spectrum  o f
84
Cs OCFg p repa red  by Redwood and W i l l i s  a ls o  showed
more bands th a n  expected  f o r  a s im p le  CF^O an ion
o f  C^^ symmetry. These e x t r a  bands are  due t o
h y d r o ly s i s  p ro d u c ts ,  as Cs OCF^ i s  r e a d i l y  h y d ro ly s e d
t o  g iv e  HF, Cs HF^ and H^CO^. The band a t  1230 cm
co rrespond s  t o  th e  ^ mode o f  HF^. The bands a t 
-1
1825 and 2000 cm co rrespond  t o  th e  c o m b in a t io n
modes 2 ^ "^1 g + o f  HF^ . The band a t
2 -  87
1455 co rre sp o n d s  t o  th e  ^ mode o f  th e  CO^ a n io n .
A f t e r  d eoom po s it ion  by h e a t in g  under vacuum f o r  3 
hours a t  120°C th e  i n f r a  red speotrum  c o n ta in e d  no 
bands w h ich  c o u ld  be ass igned  t o  th e  OCF^ a n io n .
3 .2 .3  SURFACE AREA DETERMINATION OF CAESIUM FLUORIDE
When a gas i s  a l lo w e d  t o  come i n t o  c o n ta c t  w i t h  th e  
s u r fa c e  o f  a s o l i d ,  th e  gas may be adsorbed by th e
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s u r fa c e  depend ing upon th e  e x p e r im e n ta l  c o n d i t i o n s .
T h is  a d s o r p t io n  i s  e i t h e r  c hem ica l o r  p h y s ic a l  i n
n a tu re  depend ing  on th e  ty p e  o f  bond form ed between th e
gas m o le c u le s ,  th e  a d s o rb a te ,  and th e  s o l i d  s u r fa c e ,
th e  a d s o rb e n t .  Chemical a d s o rp t io n  in v o lv e s  th e
fo r m a t io n  o f  chem ica l bonds between th e  adso rb a te
and th e  a d s o rb e n t .  In  consequence c hem ica l a d s o rp t io n
i s  l i m i t e d  t o  th e  fo rm a t io n  o f  a m ono layer a t  the
s u r fa c e ,  and i s  l i m i t e d  t o  c e r t a in  s o l i d / g a s  system s,
90
For example, hydrogen and t r a n s i t i o n  m e ta ls .  In  
c o n t r a s t  p h y s ic a l  a d s o rp t io n  can, i n  p r i n c i p l e  o cc u r  
between a l l  gases and a l l  s o l i d s  p ro v id e d  th e  te m p e ra tu re  
i s  no t  c o n s id e ra b ly  i n  excess o f  th e  b o i l i n g  p o in t  o f  
th e  a d s o rb a te .  U n l ik e  chem ica l a d s o rp t io n ,  i n  th e  
p h y s i c a l l y  adsorbed s t a t e ,  no chem ica l bonds are  
form ed between th e  adso rba te  and th e  a d s o rb e n t ;  fo r c e s  
s i m i l a r  t o  th o s e  re s p o n s ib le  f o r  th e  cohes ive  
p r o p e r t i e s  o f  l i q u i d s ,  f o r  example van d e r  W aals ' 
f o r c e s  a re  in v o lv e d .  Because o f  t h i s ,  p h y s ic a l  
a d s o rp t io n  i s  no t r e s t r i c t e d  t o  a m onom olecu lar 
l a y e r ,  m u l t i  l a y e r s  may be b u i l t  up on th e  s u r fa c e .
The e x te n t  o f  coverage o f  th e  s u r fa c e  by th e  
a d so rba te  i s  r e l a t e d  t o  th e  p re s s u re  o f  th e  a d s o rba te  
gas. To d e te rm in e  th e  s u r fa c e  area o f  a sample i t  i s  
necessa ry  t o  d e te rm in e  when th e  'adsorbed m ono layer i s  
c o m p le te .
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The f i r s t  im p o r ta n t  t r e a tm e n t  o f  a d s o r p t io n  was
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deve loped  by Langm uir .  In  h is  model, th e  s u r fa c e  
o f  th e  s o l i d  was rega rded  as an a r r a y  o f  a d s o rp t io n  
s i t e s .  A s t a t e  o f  dynamic e q u i l i b r i u m  was 
p o s tu la te d  i n  w h ich  th e  r a te  a t  w h ich  m o lecu les  
a r r i v i n g  f ro m  th e  gas phase and condens ing  on t o  
ba re  s i t e s  i s  equa l t o  th e  r a te  a t  w h ich  m o lecu les  
e va p o ra te  f ro m  occup ied  s i t e s .
The r a te  a t w h ich  th e  gaseous s p e c ie s  i s  adsorbed i s  
p r o p o r t i o n a l  t o  th e  number o f  m o lecu les  c o l l i d i n g  w i t h  
th e  s o l i d  s u r fa c e ,  which in  t u r n  i s  p r o p o r t i o n a l  t o  
th e  p a r t i a l  p re s s u re  p^ , a t  a f i x e d  te m p e ra tu re .  The 
a d s o rp t io n  r a te  must a ls o  be p r o p o r t i o n a l  t o  th e  number 
o f  empty s i t e s ,  assuming t h a t  th e  s u r fa o e  i s  
e n e r g e t i c a l l y  u n i fo rm .  I f  th e  f r a c t i o n  o f  th e  s i t e s  
covered  i s # ,  th e n  R^, th e  r a te  o f  a d s o rp t io n  p e r  
u n i t  s u r fa c e  area  may be w r i t t e n  as:
R = K p [1 - # )  E q u a t io n  3 .4
a a a
where K ' - is  th e  r a te  c o n s ta n t  f o r  a d s o r p t io n ,  
a
R^ th e  r a te  o f  d e s o rp t io n  o f  th e  adsorbed s p e c ie s ,  i s  
p r o p o r t i o n a l  t o  th e  amount o f  adso rb a te  on th e  s u r fa c e
Thus
R , = K^/9 E q u a t io n  3 .5
d d'^
where i s  th e  r a te  c o n s ta n t  f o r  d e s o r p t io n .
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At e q u i l i b r i u m ,  th e  r a te s  o f  a d s o rp t io n  and d e s o rp t io n  
a re  e qua l and th e  e x te n t  o f  coverage a t  e q u i l i b r i u m .  
Be,  may be o b ta in e d  by e q u a t in g  Ra and Rd t o  g iv e :
Be = K p^ / (1 + K p ^ ] ,  E qu a t io n  3.6
ka
where K = kd
E q u a t io n  3 .6  i s  known as th e  Langm uir a d s o rp t io n  
is o th e rm .  In  d e r i v i n g  t h i s  e q u a t io n  Langm uir assumed 
t h a t  a d s o rp t io n  was r e s t r i c t e d  t o  a m ono laye r.
The m a jo r  d i f f i c u l t y  t o  be overcome w i t h  p h y s ic a l  
a d s o rp t io n  i s  t h a t ,  because o f  th e  c lo s e  s i m i l a r i t y  
w i t h  th e  l i q u e f a c t i o n  o f  gases, adsorbed m ono layers  
a re  no t  com p le te  b e fo re  f u r t h e r  adsorbed la y e r s  beg in  
t o  fo rm  on to p  o f  th e  f i r s t  la y e r .
By i n t r o d u c in g  a number o f  s i m p l i f y i n g  assum ptions
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B runaue r,  Emmett and T e l l e r  extended th e  Langm uir 
t h e o r y  t o  co v e r  m u l t i l a y e r  p h y s ic a l  a d s o r p t io n .
When extended t o  th e  second l a y e r ,  th e  Langm uir 
meohanism r e q u i r e s  t h a t  th e  r a te  o f  co n d e n sa t io n  o f  
m o le cu le s  f ro m  th e  gas phase on to  m o lecu les  a l re a d y  
adsorbed in  th e  f i r s t  l a y e r ,  s h a l l  be e qua l t o  th e  
r a te  o f  e v a p o ra t io n  from  th e  second la y e r ,  t h a t  i s
a^P = b^s^e E q u a t io n  3 .7
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and for the ith layer
-  tL ^ ^ e  E q ua t ion  3 .0
where s i  i s  th e  s u r fa c e  area  covered  by i  la y e r s  o f  
adsorbed m o le c u le s ,  
p i s  th e  p ressu re
E^ i s  th e  heat o f  a d s o rp t io n  o f  th e  i t h  l a y e r  
a^ , b^ are c o n s ta n ts
The t o t a l  s u r fa c e  area o f  th e  s o l i d  i s  g ive n  by 
-o
A = ^  i  = 0 d i  E q u a t io n  3 .9
and th e  t o t a l  volume adsorbed i s
V = VO zL  , i s .  E q u a t io n  3.101 =  0 1
where vo i s  th e  volume o f  gas adsorbed on one square 
c e n t im e t r e  o f  th e  adso rben t s u r fa c e  when i t  i s  
covered  w i t h  a com ple te  u n im o le c u la r  la y e r  o f  
adsorbed gas.
I t  f o l l o w s  t h a t :
i s
V V < - i= o  i
Avo = Vm = 2 " i= o  s i  E q u a t io n  3.11
where Vm i s  th e  volume o f  gas adsorbed when th e  e n t i r e  
adso rben t s u r fa c e  i s  covered  w i t h  a com ple te  
u n im o le c u la r  la y e r .
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The summation indicated in equation 3.11 can be
c a r r i e d  o u t  by making th e  s i m p l i f y i n g  assum ptions
t h a t  th e  e v a p o ra t io n -c o n d e n s a t io n  p r o p e r t i e s  o f  th e
m o le cu le s  in  th e  second and h ig h e r  adsorbed la y e r s
a re  th e  same as those  o f  th e  l i q u i d  s t a t e .  T h is
a l lo w s  s . ,  s „  . . . .  s. t o  be expressed i n  te rm s  o f  s .1 2  1 o
s^ = YSg, where Y = [ a ^ / b ^ ) p e ^ i ^ ^ ^  E q u a t io n  3.12
s^ = Xs^, where X = p / [ g ] e ^  E q u a t io n  3 .13
S3 = XS^ = X s ,
i -1 i - 1 i
s^ = xs^ = X s^ = yx so = ox so E q u a t io n  3 .14
.  E twhere o = x = b^ e l - " " * "  /RT
g = a.
El  = heat o f  l i q u e f a c t i o n
S u b s t i t u t i n g  i n t o  e q u a t io n  3.11 g iv e s
_v
Vm
û 'qo ^  i  = 1 i x ^
E q u a t io n  3 .15
The summation re p re s e n te d  in  th e  de n o m in a to r  i s  th e  
sum o f  an i n f i n i t e  g e o m e tr ic  p ro g re s s io n .
E q ua t ion  3.16
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The summation in  th e  denom ina to r  can be t r e a t e d  
s i m i l a r l y :
. i  X—  i  — Ï — 2
= dx ^ i = i ^  “  C l - x )  E q u a t io n  3 .17
I t  f o l l o w s  t h e r e fo r e  t h a t :
ox
Vm = [ 1 - x ) C l - x  + ox) E qu a t io n  3 .18
At th e  s a t u r a t io n  p re s su re  o f  th e  gas, Po, an i n f i n i t e  
number o f  la y e r s  can b u i l d  up on th e  a d s o rb e n t .  To 
make v =oo, when p = p^, x must be equa l t o  u n i t y .
Thus from  e q u a t io n  3 .13
(P o /g )e ^ ^ 1 and x = P/P
S u b s t i t u t i n g  i n t o  e q u a t io n  3 .18  g iv e s  th e  is o th e rm  
e q u a t io n  3.19
Vm cP
V = (Po-P) (1 + ( c -1 H P /P o ] )  E q u a t io n  3.19
E q u a t io n  3.19 i s  th e  fo rm  o f  th e  B .E .T .  e q u a t io n  used 
th ro u g h o u t  t h i s  w ork.
The s u r fa c e  areas o f  th e  caesium f l u o r i d e  samples
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were de te rm ined  u s ing  th e  r a d io - i s o t o p e  K r as 
a d s o rb a te .  The advantage o f  u s in g  a r a d io a o t i v e  
gas i s  t h a t  s m a l l  changes i n  p re s su re  can be de te rm ined  
r e l a t i v e l y  r a p i d l y  and w i t h  a h igh  p r e c i s io n .
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Three d i f f e r e n t  ty p e s  o f  caesium f l u o r i d e  were 
examined:
Type 1 CsF (B .D .H . Optran Grade} ground i n  an
agate  m o r ta r  and p e s t le  i n  an i n e r t  atmosphere 
box
Type 2 CsF (B .D .H . Optran Grade} p r e t r e a te d  by r e a c t io n
w i t h  (CF2 ^2^*^ as d e s c r ib e d  i n  s e c t io n
Type 3 CsF (B .D .H . Optran Grade} p r e t r e a te d  by r e a c t io n  
w i t h  F^CD as d e s c r ib e d  i n  s e c t io n
F iv e  s u r fa c e  area d e te r m in a t io n s  were c a r r i e d  ou t on
b o th  h e x a f lu o ro a c e to n e  a c t i v a te d  CsF and non a c t i v a te d
2 -1
CsF. T y p ic a l  s u r fa c e  areas o b ta in e d  were 0 .25  m g
2 -1
f o r  non a c t i v a te d  CsF and 2 .55  m g f o r  a c t i v a t e d  
CsF.
In  th e s e  c a l c u la t i o n s  th e  m a jo r  source  o f  e r r o r  i s
g r a p h ic a l .  I f  th e  e r r o r  on each s e p a ra te  g raph i s
c a lc u la t e d  and th e  e r r o r s  combined u s in g  th e  s ta n d a rd
method f o r  c o m b in a t io n  o f  e r r o r s ,  th e  e r r o r  on th e
+
s u r fa c e  area d e te rm in a t io n  o f  a c t i v a t e d  CsF i s  -
2 -1 
0.51 m g .
A more s a t i s f a c t o r y  method than  t h i s  i s  t o  c a r r y  ou t 
a number o f  s u r fa c e  area d e te r m in a t io n s  and o b ta in  
th e  e r r o r  l i m i t s  by s t a t i s t i c a l  a n a ly s i s .  T ab le  3 .5  
l i s t s  th e  r e s u l t s  o f  f i v e  d e te rm in a t io n s  on a c t i v a te d
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CsF. The mean va lue  o f  these  f i v e  r e s u l t s  i s  2 . 547 .
The s ta n d a rd  d e v ia t io n  i s  0 .360 . Hence by t h i s
method th e  s u r fa c e  area o f  a c t i v a te d  CsF i s  2 .55  - 
2 -1
0 .36  m g . The d isadvan tage  o f  t h i s  ty p e  o f  e r r o r  
c a l c u l a t i o n  i s  t h a t  w i t h  such a sm a ll  number o f  da ta  
p o in t s  i t  cannot be assumed t h a t  th e  t r u e  v a lu e  o f  
th e  s u r fa c e  area agrees e x a c t l y  w i t h  th e  mean o f  th e  
r e s u l t s  o b ta in e d ,  s in c e  f u r t h e r  d e te rm in a t io n s  would 
r e s u l t  i n  a d i f f e r e n t  mean v a lu e .  I t  i s  b e t t e r  
t h e r e f o r e  to  d e te rm ine  an i n t e r v a l  w i t h i n  w h ich  i t  
i s  h ig h ly  p ro b a b le  t h a t  th e  t r u e  v a lu e  l i e s .  T h is  
i n t e r v a l  i s  c a l le d  th e  r e l i a b i l i t y  i n t e r v a l  and th e  
p r o b a b i l i t y  s e le c te d  i s  c a l le d  th e  r e l i a b i l i t y  
c o e f f i c i e n t .  The r e l i a b i l i t y  i n t e r v a l  L i s  g ive n  
by e q u a t io n  3 .2 0 .
2 = X -  Kn R E q u a t io n  3 .20
where = th e  lo w e r  l i m i t  o f  th e  r e l i a b i l i t y  i n t e r v a l
= th e  upper l i m i t  o f  th e  r e l i a b i l i t y  i n t e r v a l  
X = th e  mean va lu e
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Kn = th e  r e l i a b i l i t y  c o e f f i c i e n t
R = th e  range o f  th e  r e s u l t s
F o r th e  g ive n  f i v e  r e s u l t s  th e  r e l i a b i l i t y  i n t e r v a l  i n  w h ich  
th e  t r u e  r e s u l t  l i e s  w i t h  a p r o b a b i l i t y  o f  95% i s :
2 .55  -  CO.51 X 0 .91 )
= 2 .55  -  0.46
TABLE 3.5
SURFACE AREA OF HEXAFLUOROACETONE ACTIVATEO CsF







SURFACE AREA OF NON ACTIVATEO CsF
Sample Number
2 -1
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T h e re fo re  i t  i s  95% c e r t a in  t h a t  th e  t r u e  v a lu e  o f
th e  s u r fa c e  area o f  a c t i v a te d  caesium f l u o r i d e  l i e s
2 -1in  th e  range 3.01 -  2 .09  m g
T ab le  3 .6  l i s t s  th e  r e s u l t s  o f  f i v e  s u r fa c e  area
d e te r m in a t io n s  on non a c t i v a te d  caesium f l u o r i d e .
By a p p ly in g  e q u a t io n  3 .20  t o  th e se  r e s u l t s ,  th e
r e l i a b i l i t y  i n t e r v a l  i n  w h ich  th e  t r u e  r e s u l t  l i e s
2 -1
w i t h  a p r o b a b i l i t y  o f  95% i s  0.31 -  0.19m g
T a b le  3 .7  shows th e  r e s u l t s  o f  t h re e  s u r fa c e  area
d e te r m in a t io n s  on caesium f l u o r i d e  a c t i v a t e d  by
fo r m a t io n  and de co m p o s it io n  o f  CsQCF^. Fo r  th e se
th r e e  r e s u l t s  th e  r e l i a b i l i t y  i n t e r v a l  i n  w h ich  th e
t r u e  r e s u l t  l i e s  w i t h  a p r o b a b i l i t y  o f  95% i s  2 .27  -  
2 -11.77m g . The r e s u l t s  o f  th e  s u r fa c e  a rea  d e te r m in a t io n s  
on th e  t h r e e  d i f f e r e n t  ty p e s  o f  CsF are  summarised 
i n  t a b le  3 .8 .
In  an e f f o r t  t o  reduce th e  e r r o r  on each i n d i v i d u a l  
d e te r m in a t io n ,  th e  c a l c u la t i o n s  were done u s in g  a 
programme w r i t t e n  f o r  th e  BBC m ic rocom pu te r  w h ich  
employs l i n e a r  re g re s s io n  a n a ly s is  t o  o b ta in  th e  
l i n e  o f  b e s t  f i t  f o r  each se t  o f  d a ta .  (Programme 
1 i n  append ix )
TABLE 3.7
SURFACE AREA OF CsF ACTIVATED BY REACTION WITH F^CO





SUMMARY OF SURFACE AREA RESULTS
Type o f  CsF
2 -1
S u r fa ce  Area m g
^^^3^2^^  a c t i v a te d  CsF 
F^CO a c t i v a t e d  CsF 
Non a c t i v a t e d  CsF
3.01 -  2 .09 
2 .27  -  1.77 
0.31 -  0 .19
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3.3 DISCUSSION
The s u r fa c e  a reas  o f  h e x a f lu o ro a c e to n e  a c t i v a t e d  c a e s i urn
f l u o r i d e  and non a c t i v a te d  caesium f l u o r i d e  have p r e v io u s ly
83been d e te rm in e d  by K o l ta  and cow orkers  u s in g  th e  appa ra tu s
d e s c r ib e d  i n  s e c t io n  3 .1 .4 .  The r e s u l t s  o b ta in e d  were
much lo w e r  th a n  th o se  o b ta in e d  i n  th e  p re s e n t  w ork . The
2 -1
v a lu e s  quoted  a re  0.04m g f o r  non a c t i v a t e d  CsF and 
2 -1
0.41m g f o r  h e x a f lu o ro a c e to n e  a c t i v a te d  CsF.
T h is  d i f f e r e n c e  o ccu rs  because K o l ta  and cow orkers  used th e  
vapou r p re s s u re  o f  s o l i d  k ry p to n  in  t h e i r  c a l c u la t i o n s  
CP° = 0 .62  T o r r  a t  77K] bu t i f  th e  s o l i d  i s  ta k e n  as th e  
re fe re n c e  s t a te  th e  a d s o rp t io n  is o th e rm  shows an u n u s u a l ly  
sharp  u p tu rn  a t  th e  h ig h  p re ssu re  end. The u sua l p r a c t i c e ,  
f o l l o w i n g  B e e b e , i s  t h e r e fo r e  t o  ta k e  P° as th e  s a t u r a t io n  
vapou r p re s s u re  o f  th e  supe rcoo le d  l i q u i d .  CP° = 2 .49  T o r r  
a t  7 7 K ) . A l l  B .E .T .  s u r fa c e  area c a l c u la t i o n s  i n  t h i s  
work  a re  based on th e  s a tu r a t io n  vapour p re s s u re  o f  th e  
su p e rco o le d  l i q u i d .
P re t re a tm e n t  o f  caesium f l u o r i d e  w i t h  h e x a f lu o ro a c e to n e  in  
a c e t o n i t r i l e  produces marked changes i n  bo th  th e  appearance 
o f  th e  CsF and i n  i t s  p h y s ic a l  p r o p e r t i e s .  The p re t re a tm e n t  
p rocess  r e s u l t s  i n  a te n  f o l d  in c re a s e  in  s u r fa c e  area and 
produces an o f f  w h i t e ,  f i n e l y  d iv id e d  s o l i d  w h ich  resem bles 
t a l c .
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The in c re a s e  i n  s u r fa c e  area  i s  to o  la r g e  t o  be due s im p ly  
t o  a r e d u c t io n  i n  th e  CsF p a r t i c l e  s i z e .  The two most l i k e l y  
e x p la n a t io n s  f o r  t h i s  la rg e  in c re a s e  i n  s u r fa c e  a rea  a re :
1. D is r u p t io n  o f  th e  c r y s t a l  s t r u c t u r e  by (C F ^ l^ ^ ^
2. F o rm a t io n  o f  a po rous s t r u c t u r e
CsF r e a c ts  w i t h  (CF^J^CO t o  produce Cs^ [OCFfCF^l^^ as an
i o n i c  s o l i d .  I n f r a  re d  e xa m in a t io n  o f  t h i s  p ro d u c t  c o n f i rm s
t h a t  t h e r e  i s  no f r e e  (CF^Ü^^^ p r e s e n t ,  i t  i s  a l l  c o n v e r te d
t o  DCF(CFg)2 • To accommodate th e  la r g e  h e p ta f lu o r o is o p r o p o x id e
a n io n ,  th e  c r y s t a l  l a t t i c e  must undergo some fo rm  o f
e x p a n s io n .  A f t e r  Cs(DCF(CF^^^^ has been heated under vacuum,
e x a m in a t io n  o f  th e  s o l i d  by i n f r a  red  s p e c t ro s c o p y  has shown
t h a t  some DCF(CF ) i s  r e t a in e d .  A l th o u g h  th e  s o l i d  c o n ta in s  
2
o n ly  0.5% CsDCFCCF^)^ a f t e r  h e a t in g  t h i s  must p re v e n t  th e  
CsF f ro m  r e t u r n i n g  t o  i t s  o r i g i n a l  c r y s t a l  s t r u c t u r e ,  hence 
th e  s u r fa c e  a rea  must in c re a s e .
When CsF r e a c ts  w i t h  F^CD in  a c e t o n i t r i l e  CsDCF^ i s  fo rm ed . 
When th e  t r i f l u o r o m e t h o x id e  i s  heated under vacuum th e  s o l i d
i s  c o m p le te ly  decomposed t o  leave  o n ly  CsF. The s u r fa c e  area
2 - 1  2 - 1  
o f  t h i s  CsF i s  1.91m g compared t o  2.55m g f o r
h e x a f lu o ro a c e to n e  a c t i v a t e d  CsF. T h is  shows t h a t  th e  r e ta in e d
DCF (CFg)^ can o n ly  have a m in o r  e f f e c t  on th e  s u r fa c e  area
o f  th e  CsF s in c e  t re a tm e n t  w i t h  F^CD produces a s i m i l a r
e f f e c t  w i t h  no t r i f l u o r o m e t h o x id e  r e ta in e d  t o  a f f e c t  th e
c r y s t a l  s t r u c t u r e .
-83-
Thermal decomposition reactions of the type shown below
S o l i d  A —*■ S o l id  B + gas
a re  Known t o  p roduce  porous s o l i d s .  F o r  example th e  
p r o d u c t io n  o f  l im e  by c a l c i n a t i o n  o f  l im e s to n e ^ ^  o r  c h a lk  
where th e  lo s s  o f  a v o l a t i l e  component leads  t o  th e  
deve lopm ent o f  a po re  system w i t h  i t s  a s s o c ia te d  in c re a s e d  
s u r fa c e  a re a .  The d e co m p o s i t io n  o f  CsQCFCCF^^^ i s  a r e a c t i o n  
o f  t h i s  ty p e  and i t  i s  t h e r e fo r e  re a so n a b le  t o  assume t h a t  a 
po rous  s o l i d  i s  fo rm ed .
The po re  systems o f  s o l i d s  a re  o f  many d i f f e r e n t  k in d s .  The
i n d i v i d u a l  po res  may v a ry  g r e a t l y  bo th  i n  s iz e  and i n  shape
w i t h i n  a g iv e n  s o l i d ,  and between one s o l i d  and a n o th e r .
Pores a re  u s u a l l y  c l a s s i f i e d  a c c o rd in g  t o  t h e i r  average
95
w id th  as proposed by D u b in in .  T h is  c l a s s i f i c a t i o n  i s  
summarised i n  t a b l e  3 .9 .
In  a m ic ro p o re  th e  i n t e r a c t i o n  energy  o f  th e  s o l i d  w i t h  a
gas m o le cu le  i s  s i g n i f i c a n t l y  h ig h e r  than  i n  a w id e r  p o re ,
ow ing t o  th e  p r o x im i t y  o f  th e  w a l l s  and th e  o v e r la p  o f  t h e i r
p o t e n t i a l  f i e l d s .  The amount adsorbed a t  a g iv e n  r e l a t i v e
p re s s u re  i s  c o r re s p o n d in g ly  enhanced. I f  m ic ro p o re s  a re
p re s e n t  i n  a sample th e  s p e c i f i c  s u r fa c e  area  d e r iv e d  by th e
^ 96
B .E .T .  p ro ce d u re  w i l l  be e r ro n e o u s ly  h ig h .
T h is  p rob lem  i s  encoun te red  w i t h  h e x a f lu o ro a c e to n e  a c t i v a t e d
p o ta s s iu m  f l u o r i d e .  W ith  a c t i v a te d  KF i t  i s  im p o s s ib le  t o
97
o b ta in  reproduccbV-C. r e s u l t s  f rom  sample t o  sample.
TABLE 3.9
CLASSIFICATION OF PORES ACCORDING TO THEIR WIDTH
Pore Type W id th
M ic ro p o re s
Mesopores
M acropores
Less th a n  20 A° 
Between 20 and 500 A° 
G re a te r  th a n  500 A°
-64-
The average v a lu e  o b ta in e d  i s  much g r e a t e r  th a n  t h a t  o b ta in e d
f o r  caes ium  f l u o r i d e ,  21 .06  -  9.31m^g~^ compared t o  3.01 -
2 -1 
2.09m g .
I n  o r d e r  t o  c a l c u la t e  th e  B .E .T .  s u r fa c e  a rea  i t  i s  necessa ry  
t o  p l o t  t h r e e  a d s o r p t io n  is o th e rm s ,  one a t  room te m p e ra tu re ,  
one a t  77K and a t h e o r e t i c a l  77K is o th e rm  w h ich  s h o u ld  be 
p a r a l l e l  t o  th e  room te m p e ra tu re  l i n e  and i n t e r c e p t  th e  y 
a x is  a t  th e  volume e qua l t o  th e  dead space o f  th e  system  when 
th e  sample b u lb  i s  immersed in  l i q u i d  Fo r no rm a l B .E .T .
b e h a v io u r  th e  i n t e r c e p t s  o f  th e  t h e o r e t i c a l  is o th e rm  and 
t h a t  d e te rm in e d  a t  77K s h ou ld  be th e  same. The e x p e r im e n ta l l y  
d e te rm in e d  77K is o th e rm s  o f  a c t i v a te d  KF i n t e r c e p t  th e  y 
a x is  a t  p o in t s  much g r e a t e r  than  th e  volume o f  th e  dead space 
o f  th e  sys tem . T h is  sugges ts  t h a t  an i n i t i a l  up take  o f  gas 
has ta ke n  p la c e  a t  low r e l a t i v e  p re s s u re  w h ich  i s  c o n s is t e n t  
w i t h  c a p i l l C L r y  c o n d e n s a t io n  in  a m ic ro p o ro u s  s o l i d .  
H e x a f lu o ro a c e to n e  p r e t r e a tm e n t  o f  po ta ss iu m  f l u o r i d e  must 
t h e r e f o r e  p roduce  a s o l i d  w h ich  i s  a lm os t w h o l l y  m ic ro p o ro u s  
whereas th e  same t re a tm e n t  o f  caesium f l u o r i d e  p roduces  a 
s o l i d  composed o f  l a r g e r  p o re s .
ooOoo
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CHAPTER 4
REACTIONS OF GASEOUS LEWIS ACID FLUORIDES WITH CAESIUM FLUORIDE 
INTRODUCTION
In  o r d e r  t o  t e s t  th e  a p p ro p r ia te n e s s  o f  m o le c u la r  a n a lo g ie s  i n  
d e s c r ib in g  th e  i n t e r a c t i o n s  o f  gaseous Lewis a c id s  w i t h  a s o l i d  
Lew is  base, th e  r e a c t io n s  between caesium f l u o r i d e  and AsF^, BF^,
CD^jF^CD and SF^ were s tu d ie d .  The r e a c t io n s  were s tu d ie d  a t
18 14
room te m p e ra tu re  u s in g  F l a b e l l e d  s p e c ie s ,  t o g e t h e r  w i t h  C
35
and S l a b e l l e d  s p e c ie s  where a p p r o p r ia te .
4 .1  EXPERIMENTAL
18F l a b e l l e d  s p e c ie s  were p repa red  by h ig h  te m p e ra tu re
exchange w i t h  r e a c t o r  produced Cs F as d e s c r ib e d  i n  s e c t io n
14 14 35
2 .1 0 .2 .  CD^, F^ CD and SF^ were p re p a re d  as d e s c r ib e d
i n  s e c t io n s  2 .1 0 .6 ,  2 .1 0 .5 ,  2 .1 0 .4 .
18
The r e a c t io n s  between th e  F l a b e l l e d  gases and caesium 
f l u o r i d e  were fo l lo w e d  u s in g  th e  ty p e s  o f  r e a c t io n  v e s s e l  
shown i n  f i g u r e  2 .1 3 .
Dne l im b  o f  th e  v e s s e l  was loaded w i t h  a weighed amount o f  
CsF ( u s u a l l y  0 .50g  3.3m m ol] i n  an i n e r t  a tmosphere box.
The v e s s e l  was removed from  th e  box, a t ta c h e d  t o  th e  vacuum 
l i n e  and evacu a te d .  Us ing th e  p re s s u re  gauge a t ta c h e d  t o  
t h e  main m a n i fo ld  a measured p re s s u re  o f  th e  l a b e l l e d  gas
“ 8 6 -
( u s u a l l y  300 T o r r ,  w h ich  i s  e q u iv a le n t  t o  1.1m mol o f  gas in
th e  r e a c t io n  v e s s e l )  was a d m it te d  t o  th e  r e a c t io n  v e s s e l .
The g ro w th  o f  a c t i v i t y  i n  th e  s o l i d  was fo l lo w e d  by c o u n t in g
each l im b  o f  th e  r e a c t io n  v e s s e l  a l t e r n a t e l y  and s u b t r a c t i n g
th e  c o u n ts  o b ta in e d  f ro m  th e  l im b  w i t h  no CsF f ro m  th e  co un ts
o b ta in e d  f ro m  th e  l im b  c o n t a in in g  th e  CsF. F ig u re  4.1 shows
18
a t y p i c a l  s e t  o f  r e s u l t s  f o r  th e  r e a c t io n  between AsF^ F and CsF. 
L in e  1 shows th e  coun t r a t e  due t o  th e  s o l i d  + gas. L in e  2 shows 
th e  coun t r a t e  due t o  th e  gas and l i n e  3 shows th e  coun t r a t e  
due t o  th e  s o l i d  a lo n e .  A l l  e x p e r im e n ta l  r e s u l t s  were c o r r e c te d  
f o r  r a d i o a c t i v e  decay and background co u n ts  u s in g  a programme 
w r i t t e n  f o r  th e  Dragon m ic ro c o m p u te r .  [Programme number 2 
i n  a p p e n d ix ) .
14 14 35
E x p e r im e n ts  i n v o l v i n g  CC^, Fg CD and SF^ were c a r r i e d  ou t
i n  th e  r e a c t io n  v e s s e l  shown in  f i g u r e  2 .8 .  Weighed amounts
o f  CsF ( u s u a l l y  0 .5 0 ^  3.3m mol) were loaded  i n t o  th e  sample
tu b e  A  i n  an i n e r t  atmosphere box. The sample tu b e  was then
evacua ted  and connected  t o  th e  c o u n t in g  v e s s e l .  The c o u n t in g
v e s s e l  was pumped ou t  f o r  te n  m inu tes  and th e n  i s o l a t e d  from
th e  pump. B u lb  B c o n ta in in g  a known amount o f  l a b e l l e d  gas
was opened and th e  p re s s u re  a l lo w e d  t o  e q u i l i b r a t e .  Three
co u n ts  were ta k e n  and th e  average o f  th e se  ta k e n  as th e  coun t
r a t e  o f  th e  gas b e fo re  r e a c t i o n .  The gas was recondensed i n t o
th e  s to ra g e  b u lb  and th e  f l a s k  c o n ta in in g  th e  CsF opened t o
a l lo w  th e  CsF t o  f a l l  i n t o  one s e c t io n  o f  th e  movable g la s s
b o a t .  The s e c t io n  c o n ta in in g  th e  CsF was p la c e d  d i r e c t l y
be low  one o f  th e  DM tu b e s  and th e  l a b e l l e d  gas r e - a d m i t t e d  t o
th e  c o u n t in g  v e s s e l .  Counts were ta ke n  a t  f i v e  m inu te  i n t e r v a l s .
Figure 4*1
Re a c t i o n  o f As F ^ F wi t h  CsF.  
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The coun t r a t e s  o b ta in e d  were c o r r e c te d  f o r  backg round , th e  
dead t im e  o f  th e  GM tu b e s  and t h e i r  i n t e r c a l i b r a t i o n  f a c t o r  
u s in g  a programme w r i t t e n  f o r  th e  BBC m ic ro co m p u te r  (Programme 
number 6 i n  a p p e n d ix ) .
M anom etr ic  measurements were c a r r i e d  ou t  u s in g  th e  a p p a ra tu s  
d e s c r ib e d  i n  s e c t io n  2 . 1 . 2 .  The sample b u lb  was loaded  i n  an 
i n e r t  a tmosphere box and evacua ted  f o r  15 m in u te s  b e fo re  
a d m iss io n  o f  th e  gas. The gas was f i r s t  a d m it te d  t o  th e  system 
w i t h  th e  sample b u lb  c lo s e d  and a p re s s u re  measurement ta k e n .  
The sample b u lb  was opened a l lo w in g  th e  r e a c t io n  t o  p roceed .
The amount o f  gas up take  was c a lc u la t e d  f ro m  th e  t o t a l  f a l l  i n  
gas p re s s u re  a f t e r  a p p ly in g  a c o r r e c t i o n  t o  ta k e  i n t o  accoun t 
th e  volume change on open ing  th e  sample b u lb .
4 .2  RESULTS OF REACTION OF SF^ WITH CsF
The r e a c t io n s  o f  b o th  a c t i v a t e d  and non a c t i v a t e d  CsF w i t h  
SF^ have been i n v e s t i g a t e d  u s in g  b o th  ^^F and ^^S l a b e l l e d  
SF^ and i n  th e  case o f  a c t i v a t e d  CsF by c o n v e n t io n a l  
m anom etr ic  means.
18
The r e s u l t s  o f  t h r e e  e x p e r im e n ts  between SF^ F and non 
a c t i v a t e d  CsF a re  summarised i n  t a b le  4 .1 .  F ig u re  4 .2  shows 
a p l o t  o f  s o l i d  coun t r a t e  ve rsus  t im e  f o r  one o f  these  
e x p e r im e n ts .  T h is  shows t h a t  th e  s o l i d  coun t r a t e  r i s e s  
r a p i d l y  and th e n  b e g in s  t o  l e v e l  o f f  u n t i l  an e q u i l i b r i u m  
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s p e c i f i c  coun t r a t e  b e fo re  and a f t e r  r e a c t io n  shows t h a t
th e r e  i s  no change. T h is  means t h a t  th e  a c t i v i t y  i n  th e
18s o l i d  i s  due t o  up take  o f  gas and n o t  F exchange. A 
18
sample o f  SF^ F coun ted  s e p a r a te ly  had a s p e c i f i c  coun t
4- — ^
r a t e  o f  4217 -  65 coun ts  min m mol so a s o l i d  coun t
+ — 
r a t e  o f  181 -  13 coun ts  min i s  e q u iv a le n t  t o  an up take
18
o f  0 .0 4 3  m mol o f  SF^ F . The average up take  observed  i n  
th e  f o u r  e x p e r im e n ts  was 0 .042 -  0 .004  m m ol. The observed  
s o l i d  c oun t r a t e  i n  th e se  e xp e r im e n ts  was v e ry  low . I n  o r d e r  t o  
ensure  t h a t  a s i g n i f i c a n t  number o f  coun ts  were re c o rd e d  and 
t o  reduce th e  e r r o r  on th e  coun t r a t e  th e  c o u n t in g  p e r io d  was 
ex tended  t o  f i f t e e n  m in u te s .  T h is  p rocedu re  was used th ro u g h o u t  
t h i s  work whenever a low coun t r a te  was o b ta in e d .
T a b le  4 .2  shows th e  i n f r a  red  spectrum  o f  th e  CsF a f t e r
r e a c t i o n ,  t o g e th e r  w i t h  th e  i n f r a  red  spec trum  o f  CsSF^ p re p a re d
40
by C h r is t e  and co w o rke rs .  Comparison o f  th e  two s e ts  o f
18
d a ta  shows t h a t  th e  r e a c t io n  between SF^ F and CsF has 
r e s u l t e d  i n  th e  f o r m a t io n  o f  some CsSF^.
In  an a t te m p t  t o  d i s t i n g u i s h  between s u r fa c e  and b u lk
35
r e a c t io n s  an e x p e r im e n t  was c a r r ie d  ou t u s in g  SF^. The
r e s u l t s  f ro m  t h i s  r e a c t io n  were in c o n c lu s iv e ,  w i t h  th e
s u r fa c e  coun t r a t e  b e in g  b a r e ly  d e te c ta b le  due t o  th e  low
s u r fa c e  a rea  o f  non a c t i v a te d  CsF. Fo r  t h i s  reason  th e  s tu d y
35
o f  th e  r e a c t io n  between SF^ and non a c t i v a t e d  CsF was
35
abandoned and a l l  f u r t h e r  e xp e r im e n ts  w i t h  SF^ were
c a r r i e d  o u t  u s in g  a c t i v a t e d  CsF.
TABLE 4.2
INFRA RED SPECTRUM OF CsF AFTER REACTION WITH






590 v s b r
460 s










A ss ignm ent 
CF S h r  






The results of four reactions between and activated
CsF a re  l i s t e d  i n  t a b le  4 .3 .  F ig u re  4 .3  shows a p l o t  o f  
s o l i d  coun t r a t e  ve rsus  t im e  f o r  th e  f i r s t  e x p e r im e n t .  The 
s o l i d  coun t r a t e  r i s e s  r a p i d l y  a t  f i r s t  and th e n  b e g in s  t o  
l e v e l  o f f  u n t i l  an e q u i l i b r i u m  l e v e l  o f  1560 -  40 c o un ts
— 'I
min i s  reached a f t e r  35 m in u te s .  There i s  no change
i n  th e  s p e c i f i c  coun t r a t e  o f  th e  gas so t h i s  s o l i d  coun t
18r a t e  i s  due t o  gas u p ta ke .  A sample o f  SF^ F coun ted
s e p a r a te ly  had a s p e c i f i c  coun t r a t e  o f  5270 -  73 co u n ts
— 1 — 1
min m mol so th e  observed s o l i d  count r a t e  i s  e q u iv a le n t
+
t o  an up take  o f  0 .296  -  0 .006 m m ol. The average up take  
obse rved  i n  th e  f o u r  e x p e r im e n ts  i s  0 .296 -  0 .009 m m ol. 
I n f r a  re d  e x a m in a t io n  o f  th e  CsF a f t e r  r e a c t io n  showed 
bands due t o  SF^. (T ab le  4 .2 ]
The e x p e r im e n ts  l i s t e d  i n  t a b le  4 .3  were a l l  c a r r i e d  ou t
18
u s in g  an i n i t i a l  p re s s u re  o f  300 t o r r  o f  SF^ F. The 
r e s u l t s  o f  a f u r t h e r  s i x  e x p e r im e n ts  c a r r i e d  ou t u s in g  
p re s s u re s  o f  50, 75, 100, 150, 200 and 250 T o r r  a re  l i s t e d  
i n  t a b le  4 .4 .
These e x p e r im e n ts  show t h a t  up take  i s  indepe ndan t o f  i n i t i a l
p re s s u re  o v e r  th e  range 100-300 T o r r  and c o rre sp o n d s  t o  0 .09  
+ -1
-  0 .02  m mol (m mol CsF] . In  o r d e r  t o  v e r i f y  th e  r e s u l t s
18
o f  th e  r e a c t io n s  i n v o l v i n g  v a r y in g  p re s s u re s  o f  SF^ F, a 
m anom etr ic  s tu d y  was c a r r i e d  ou t u s in g  th e  c o n s ta n t  volume 
a p p a ra tu s  d e s c r ib e d  i n  s e c t io n  2 . 1 . 2 .  The r e s u l t s  o f  t h i s  
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React ion t ime min
TABLE 4.4
VARIATION IN UPTAKE WITH IN IT IA L  PRESSURE OF SF
RADIOCHEMICAL MEASUREMENTS
P re ss u re  o f  SF^ T o r r
— ̂
Uptake m mol Cm mol CsF)
+ +
5 0 - 2 0 .027  -  0 .003
+ +
7 5 - 2 0 .065  -  0 .005
+ +
100 -  2 0.081 -  0.008
+ +
150 -  2 0 .100  -  0 .007
+ +
200 -  2 0 .085 -  0 .007
+ +
250 -  2 0 .098  -  0.007
+ +
300 -  2 0.091 -  0 .007
F i g u r e  4- 4
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by a c t i v a t e d  CsF i s  indepe nden t o f  i n i t i a l  p re s s u re  
o v e r  t h e  range 100-300 T o r r .  I n f r a  red  s p e c t r o s c o p ic  
e x a m in a t io n  o f  th e  s o l i d  a f t e r  r e a c t io n  i s  c o n s is t e n t  w i t h  
th e  fo r m a t io n  o f  CsSF^. [T a b le  4 . 2 ]
35
The r e a c t io n  between SF^ and a c t i v a t e d  CsF was s tu d ie d  a t 
23 d i f f e r e n t  p re s s u re s  between 2 and 308 T o r r .  F ig u re s  4 . 5 ,  
4.B and 4 . 7  a re  p l o t s  o f  s o l i d  coun t r a t e  ve rs u s  t im e  a t  
i n i t i a l  p re s s u re s  o f  52, 110 and 296 T o r r .  The s o l i d  coun t 
r a t e  in c re a s e s  r a p i d l y  u n t i l  an e q u i l i b r i u m  l e v e l
-1
c o r re s p o n d in g  t o  a s u r fa c e  up take  o f  0 .010  m mol [m mol CsF]
35i s  reached a f t e r  10 m in u te s .  A p l o t  o f  th e  amount o f  SF^
adsorbed on th e  s u r fa c e  o f  th e  CsF ve rsus  i n i t i a l  p re s s u re
[ f i g u r e  4 . 8 ] ,  shows t h a t  th e  amount o f  s u r fa c e  coverage  i s
in d e p e n d a n t  o f  th e  i n i t i a l  p re s s u re  a t  a l l  p re s s u re s  g r e a t e r
35
th a n  10 T o r r .  When th e  SF^ i s  removed f ro m  th e  c o u n t in g
v e s s e l  85% o f  th e  t o t a l  s u r fa c e  coun ts  are a ls o  removed.
T h is  means t h a t  th e  m a jo r  s u r fa c e  s p e c ie s  i s  w e a k ly  adsorbed
w i t h  o n ly  15% o f  th e  t o t a l  s u r fa c e  coun t r a t e  due t o  a
p e rm a n e n t ly  adsorbed s p e c ie s .  I n f r a  red  e x a m in a t io n  o f  CsF
a f t e r  r e a c t i o n  w i t h  SF_ F shows t h a t  some CsSF_ i s  fo rm ed
3 5
hence i t  i s  re a so n a b le  t o  assume t h a t  th e  p e rm a n e n t ly  
adsorbed s u r fa c e  s p e c ie s  i s  th e  SF^ a n io n .  I f  th e  p e rm a n e n t ly  
adsorbed  s p e c ie s  i s  assumed t o  be SF^, th e  w eak ly  adsorbed 
s p e c ie s  i s  most l i k e l y  t o  be adsorbed m o le cu le s  o f  SF^.
35When SF i s  re a d m i t te d  t o  th e  c o u n t in g  v e s s e l  th e  observed 
4
s o l i d  coun t r a t e  i s  90% o f  th e  coun t r a t e  observed  d u r in g  th e
Fi gure 4 5
35_
React ion of SF wi th a c t i v a t e d  CsF
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f i r s t  a d m is s io n .  The f a l l  i n  gas phase co u n ts  i s
e q u iv a le n t  t o  20% o f  th e  decrease  observed d u r in g  th e
35f i r s t  a d m is s io n .  A f t e r  two f u r t h e r  ad m iss io n s  o f  SF
4
no f u r t h e r  f a l l  i n  gas phase co un ts  i s  obse rved . These 
r e s u l t s  show t h a t  t h e r e  i s  a s low  b u i l d  up o f  SF^ on th e  
s u r fa c e  o f  th e  CsF and t h a t  d i f f u s i o n  o f  SF^ i n t o  th e  
b u lk  o f  th e  s o l i d  i s  v e ry  s lo w .
35
The o v e r a l l  up take  o f  SF^, c a lc u la t e d  fro m  th e  f a l l  i n
+
gas phase c o u n ts  i s  0 .10  -  0 .02  m mol [m mol CsF) w h ich
i s  th e  same as t h a t  c a l c u la t e d  f ro m  th e  e x p e r im e n ts  
18
in v o l v i n g  SF^ F . The r e s u l t s  o f  th e  r e a c t io n s  between 
SF^ and a c t i v a t e d  CsF are summarised i n  t a b le  4 .5 .
4 .3  DISCUSSION OF SF^ RESULTS
SF^ r e a c ts  r e a d i l y  a t  room te m p e ra tu re  w i t h  bo th  a c t i v a t e d  
and non a c t i v a t e d  CsF t o  fo rm  CsSF^. Complete r e a c t io n  does
n o t  o c c u r  w i t h  th e  amounts r e a c t in g  b e in g  0 .10  m mol Cm mol
-1 -1 
CsF) f o r  a c t i v a t e d  CsF and 0 .013  m mol (m mol CsF) f o r
non a c t i v a t e d .  The r a t i o  o f  up takes  i s  1 0 :1 ,  th e  same as
th e  r a t i o  o f  th e  s u r fa c e  a reas .
No f l u o r i n e  exchange i s  observed  in  e i t h e r  r e a c t i o n .
35
Due t o  t h e  low l e v e l  o f  up take  by non a c t i v a t e d  CsF SF^
d id  n o t  p ro v id e  any u s e fu l  i n f o r m a t io n .  W ith  a c t i v a te d
35CsF, s t u d ie s  u s in g  SF^ showed t h a t  t h e r e  are two d i s t i n c t
TABLE 4.5
SF^ + ACTIVATED CsF SUMMARY DF RESULTS q,-----------------------------------------------------------
Uptake m mol Cm mol CsF)
-1
O v e r a l l  up take  c a l c u la t e d  fro m  
b o th  ^^S and ^^F e x p e r im e n ts 0 . 1 0  -  0 . 0 2
S u r fa c e  up take 0.0030 -  0 .0005
Amount p e rm a n e n t ly  r e t a in e d  on 
s u r fa c e 0.00045 -  0 .0001
No f l u o r i n e  exchange i s  observed  a t  room te m p e ra tu re
■ 9 2 -
s p e c ie s  p re s e n t  on th e  s u r fa c e  o f  th e  s o l i d  one w h ich  i s
w e a k ly  adsorbed and one w h ich  i s  p e rm a n e n t ly  adso rbed . The
m a jo r  s u r fa c e  s p e c ie s  i s  w eak ly  adsorbed SF w i t h  o n ly  15%
4
o f  th e  t o t a l  s u r fa c e  a c t i v i t y  due t o  p e rm a n e n t ly  adsorbed 
SF^. S ince  i n f r a  red s tu d ie s  have shown t h a t  SF^ i s  th e  
m a jo r  b u lk  s p e c ie s  th e  p e rm a n e n t ly  adsorbed s u r fa c e  s p e c ie s  
i s  a ls o  assumed t o  be SF^.
35
S ince  th e  s p e c i f i c  coun t r a t e  o f  th e  adsorbed SF^ and th e  
s u r fa c e  a rea  o f  th e  CsF are  known i t  i s  p o s s ib le  t o  e s t im a te
th e  number o f  F io n s  p re s e n t  i n  th e  sample, and t o  compare
35
t h i s  w i t h  th e  number o f  SF^ m o le cu le s  adso rbed . T h is  
can be done as f o l l o w s :
2 -1
BET s u r fa c e  a rea  o f  a c t i v a t e d  CsF = 3.011 -  2 .09  m:. g 
W e igh t o f  sample = 0 .50g
2
S u r fa c e  a rea  o f  sample = 1.505 -  1 .040 mj
Leng th  o f  u n i t  c e l l  edge = B.OOsK
Area o f  one fa c e  o f  u n i t  c e l l  = 36 .096^
Assuming a p e r f e c t  s u r fa c e  composed o f  a r e g u la r  g e o m e tr ic  
a r r a y  o f  u n i t  c e l l  facesT
Number o f  u n i t  c e l l  fa c e s  r e q u i r e d  t o  c o ve r  s u r fa c e  = [2 .8 8  -  
18
4 .1 7 )  X 10
Number o f  s u r fa c e  F io n s  p e r  u n i t  c e l l  = 2 
(F ig u re  4 .9  shows th e  u n i t  c e l l  o f  CsF)
18
Number o f  s u r fa c e  F io n s  i n  sample = (5 .7 7  -  8 .3 4 )  x 10
+ 18
S u r fa c e  c o u n t  r a t e  co rrespond s  t o  (5 .9 9  -  2 .1 3 )  x 10 m o le c u le s  
A l th o u g h  th e r e  i s  good agreement between th e se  two e s t im a te s ,  
i t  does n o t  r u l e  o u t  th e  p o s s i b i l i t i e s  t h a t  SF^ i s  w eak ly
Figure 4 - 9  CsF un i t  c e l l
•  = F  
o  = C s +
Number  of  F" i ons per  f ace  is ( 4 x 1 / 4 1 + 1  = ‘2
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adsorbed a t  s i t e s  o th e r  th a n  F o r  t h a t  m u l t i p l e  a d s o r p t io n  
o c c u rs  s in c e  many assum ptions  have been made i n  a r r i v i n g  
a t  th e s e  e s t im a te s .  The main assum ptions  a re :
1. The s u r fa c e  o f  th e  CsF has no d e fe c ts  and i s  composed
o f  a r e g u la r  a r r a y  o f  u n i t  c e l l  fa c e s .
2 . The u n i t  c e l l  edge le n g th  o f  a c t i v a t e d  CsF i s  th e  same 
as t h a t  o f  non a c t i v a t e d  CsF.
3. A l l  o f  th e  s u r fa c e  F io n s  i n  th e  sample a re  e q u a l l y
a v a i l a b l e .
T h is  com parison  a ls o  does no t ta k e  i n t o  accoun t th e  s m a l l  
amount o f  th e  h e p ta f lu o r o is o p r o p o x id e  a n ion  r e ta in e d  by th e  
CsF a f t e r  a c t i v a t i o n .  When th e s e  f a c t s  a re  ta ke n  i n t o  
a ccoun t th e  number o f  F io n s  c a lc u la t e d  i s  p ro b a b ly  an 
o v e r  e s t im a te .
F ig u re s  4 .1 0 ,  4 .11 and 4 ,12  show th e  sp e c ie s  p re s e n t  on th e
s u r fa c e  o f  th e  CsF based on th e  assum ption  t h a t  a d s o rp t io n
ta k e s  p la c e  a t  F s i t e s .  The s t r u c t u r e  o f  th e  SF^ an ion
i s  shown i n  f i g u r e  4 .1 0 .  SF^ i s  assumed t o  be th e
p e rm a n e n t ly  adsorbed s p e c ie s .  There a re  two p o s s i b i l i t i e s
f o r  th e  w e a k ly  adsorbed s p e c ie s ,  bo th  o f  w h ich  have s i m i l a r
s t r u c t u r e s  t o  th e  SF^ a n io n .  F ig u re  4.11 shows SF^
adsorbed w i t h  th e  lo n e  p a i r  i n  an a x i a l  p o s i t i o n  and f i g u r e
4 .1 2  shows th e  lone  p a i r  i n  an e q u a t o r i a l  p o s i t i o n .  S ince
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40being as shown in figure 4.10 the weakly adsorbed
s p e c ie s  i s  most l i k e l y  t o  have th e  s t r u c t u r e  shown in  4 .1 1 ,  
w i t h  th e  lo n e  p a i r  i n  an a x i a l  p o s i t i o n .
SF^ i s  th e  m a jo r  b u lk  s p e c ie s  and th e  m in o r  s u r fa c e  s p e c ie s
The f a c t  t h a t  no f l u o r i n e  exchange i s  observed  i s  due t o
th e  SF^ a n ion  b e in g  c o - o r d i n a t i v e l y  s a tu r a te d .  S ince  SF^
18i s  o n ly  th e  m in o r  s u r fa c e  s p e c ie s  th e  absence o f  F 
exchange a ls o  in d i c a t e s  t h a t  i n  th e  w eak ly  adsorbed s t a t e ,  
th e  S-F bonds o f  th e  adsorbed SF^ r e t a i n  t h e i r  i n t e g r i t y .
In  o t h e r  words a t  no t im e  d u r in g  th e  r e a c t io n  do th e  f o u r  
S-F bonds o f  th e  SF^ become e q u iv a le n t  t o  th e  bond between 
th e  S and th e  F io n  on th e  s u r fa c e .
4 .4  RESULTS OF REACTION OF F^ CD WITH ACTIVATED CsF
The r e a c t i o n  between F^CD and a c t i v a t e d  CsF was s tu d ie d  u s in g  
18 14
b o th  F and C l a b e l l e d  F^CO, w h ich  a l lo w e d  d i f f e r e n t i a t i o n
between s u r fa c e  and b u lk  r e a c t io n s ,  and by m anom etr ic  methods.
A f t e r  each r e a c t io n  th e  CsF was examined by i n f r a  red  s p e c t ro s c o p y ,
18Three  e x p e r im e n ts  were c a r r i e d  ou t u s in g  F FCO; th e  r e s u l t s
are  l i s t e d  i n  t a b l e  4 .6  F ig u re  4 .1 .3  i s  a p l o t  o f  s o l i d
a c t i v i t y  ve rsu s  t im e  f o r  e xp e r im e n t  1. T h is  shows t h a t  t h e r e
i s  a r a p id  i n i t i a l  in c re a s e  i n  s o l i d  a c t i v i t y  o v e r  th e  f i r s t
30 m in u te s  o f  th e  r e a c t io n  f o l lo w e d  by a second p e r io d  i n
w h ich  th e  g row th  o f  s o l i d  a c t i v i t y  i s  much s lo w e r .  The
18s p e c i f i c  coun t r a t e  o f  th e  F FCO b e fo re  r e a c t io n  was
"F — "1 — ̂
7139 -  85 co u n ts  min m mol and th e  s p e c i f i c  coun t r a t e
'IQ + “  1 “  1
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18
i n d i c a t i n g  t h a t  F exchange had o c c u r re d .  The amount o f
gas re c o v e re d  a f t e r  th e  r e a c t io n  was le s s  than  th e  s t a r t i n g
18
amount i n d i c a t i n g  t h a t  i n  a d d i t i o n  t o  F exchange up take  o f  
gas had a ls o  o c c u r re d .
18U sing  e q u a t io n  2 .5  th e  f r a c t i o n  o f  F exchanged was 
c a l c u la t e d ,  and u s in g  t h i s  f i g u r e  th e  coun t r a t e  due t o  
gas up take  was c a lc u la t e d  by s u b t r a d in g  th e  coun t r a t e  due 
t o  exchange f ro m  th e  coun t r a t e  o f  th e  CsF a f t e r  2 h o u rs .  
The c a l c u l a t i o n  i s  now shown i n  d e t a i l  f o r  e xp e r im e n t  1 i n  
t a b l e  4 .6 .
The f r a c t i o n  exchanged [ f ] i s  g iv e n  by f  =
where m [m m o l]  = q u a n t i t i y  o f  a s p e c ie s  w i t h  n exchangeab le  
F atoms.
s u b s c r ip t s  1 and 2 r e f e r  t o  th e  i n i t i a l l y  i n a c t i v e  and 
a c t i v e  s p e c ie s  r e s p e c t i v e l y .
— ^
A = coun t r a t e  [c o u n ts  s ] a f t e r  exchange
A = coun t r a t e  o f  r e a c ta n t  2 b e fo re  exchange 
o
W eigh t o f  CsF = 0 .28g  = 1 .842 m mol
P re s s u re  o f  F^CO = 300 T o r r  = 0 .944  m mol
-1 -1
Count r a t e  o f  gas b e fo re  r e a c t io n  = 7139 co u n ts  min Cm m o l]
-1 -1
Count r a t e  o f  gas a f t e r  r e a c t io n  = 5327 co un ts  min Cm m o l]
f  = [7139 -  5 9 2 7 ] [1 .8 4 2  + [2  x 0 .9 4 4 ] ]  
7139 X 1.842
f  = 0 .344
• 9 6 -
100% exchange w ou ld  r e s u l t  f ro m  a s t a t i s t i c a l  d i s t r i b u t i o n  
18
o f  F among a l l  th e  f l u o r i n e  atoms p re s e n t .
T o t a l  number o f  f l u o r i n e  atoms = 1 .842 1 .888
= 3 .7 3  mg atoms
S p e c i f i c  c oun t r a t e  o f  gas = 7139 co un ts  min (m m ol] ^
Amount o f  F^CO = 0 .944  m mol
Count r a t e  o f  F^CO = 6739 co u n ts  min
F o r  100% exchange 3 .7 3  s 6739 c o u n ts  min ^
-  '\
1 .0  mg atom a 1806 coun ts  min
CsF c o n ta in s  1 .842  mg atom F so f o r  100% exchange coun t r a t e
- 'I
o f  s o l i d  w ould  be 1 .842 x 1806 co un ts  min
— ^
= 3326 co u n ts  min 
C a lc u la te d  l e v e l  o f  exchange i s  34.4%
34.4
so coun t r a t e  o f  s o l i d  due t o  exchange i s  100 x 3326
_ 'I
= 1144 c o u n ts  min
The coun t r a t e  o f  th e  s o l i d  a f t e r  r e a c t io n  i s  2532 co u n ts  min 
So coun t r a t e  due t o  up take  o f  gas i s  2532 -  1144
— ^
= 1388 c o u n ts  min
+  — ^ 
The s p e c i f i c  coun t r a t e  o f  th e  i s  7139 - 85 co u n ts  min
m mol so a coun t r a t e  o f  1388 co un ts  min i s  e q u iv a le n t
+ 18 
t o  an up take  o f  0 .194  -  0 .002  m mol o f  F FCO.
rec«-c4-ion
In  each case th e  i n f r a  red  spec trum  o f  th e  s o l i d  a f te r^ s h o w s  
bands due t o  th e  F^CG” an ion  (T ab le  4 .7 ]
14The r e a c t io n  between F^ CO and a c t i v a t e d  CsF was s tu d ie d  a t
TABLE 4.7
I n f r a  re d  f r e q u e n c ie s  o f  CsOCF,















V^A^CG s t r
CFg asym s t r  
■O2 CF^ sym s t r  
A,| sym CFg d e f  
"Vg E, GCF d e f  
-\Jp E, asym CF
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n in e  d i f f e r e n t  p re s s u re s  between 20 and 308 T o r r .  S u r fa ce
coun t r a t e s  were measured d i r e c t l y  and th e  o v e r a l l  d rop  in
gas phase c o u n ts  was used as a measure o f  th e  up take  o f  gas
by th e  b u lk  s o l i d .  Each r e a c t io n  was f o l lo w e d  f o r  1 hour
14
b e fo re  rem ov ing  th e  CO fro m  th e  c o u n t in g  v e s s e l  t o  
d e te rm in e  th e  coun t r a t e  o f  th e  CsF s u r fa c e  i n  th e  absence 
o f  gas.
14P lo t s  o f  s o l i d  a c t i v i t y  v e rs u s  t im e  a t  i n i t i a l  F^ CO p re s s u re s  
o f  20, 100 and 308 T o r r  a re  shown i n  f i g u r e s  4 .1 4 ,  4 .15  and 
4 .1 6 .
14
The s u r fa c e  r e a c t i o n  between F^ CO and a c t i v a t e d  CsF i s
com p le te  b e fo re  th e  f i r s t  coun t i s  taken  and th e  s u r fa c e
+ -1
coun t r a t e  rem a ins  c o n s ta n t  a t  6 .1  - 1 .6  c o u n ts  sec
14
th ro u g h o u t  th e  e x p e r im e n t .  The F^ CO used had a s p e c i f i c
“ 1
coun t r a t e  o f  1000 co u n ts  sec m mol , so a s u r fa c e  coun t
+ “  
r a t e  o f  6 .1  -  1 .6  c o u n ts  sec i s  e q u iv a le n t  t o  a s u r fa c e
+ "14
up take  o f  0.0061 -  0 .0016 m mol o f  F^ CO. T h is  s u r fa c e
14
coun t r a t e  i s  in d e p e n d a n t  o f  i n i t i a l  F^ CO p re s s u re  as shown 
by f i g u r e  4 .1 7 .
14When th e  F^ CO i s  removed from  th e  c o u n t in g  v e s s e l  th e
s u r fa c e  coun t r a t e  d rops  t o  b a r e ly  above background l e v e l
i n d i c a t i n g  t h a t  95% o f  th e  s u r fa c e  a c t i v i t y  i s  dependant
14 .upon th e r e  b e in g  a p re s s u re  o f  F^ CO in  th e  c o u n t in g  v e s s e l  
w i t h  o n ly  a v e ry  s m a l l  amount o f  th e  F^CO b e in g  p e rm a n e n t ly  
adso rbed . The up take  o f  gas by th e  b u lk  s o l i d  i s  a ls o  
dependant on th e  i n i t i a l  p re s s u re  o f  F^CO in  th e  v e s s e l .
In  o r d e r  t o  check t h i s  p re s s u re  dependence a s e r ie s  o f
Figure 4-1 4
React i on  of  F^t 0 wi t h  a c t i v a t e d  CsF
Solid count  r a t e  vs r eac t i on  t i me
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Reac t i on  of F^ t0 wi t h  a c t i v a t e d  CsF



















30 liO 60 60
React i on t i me min
I n i t i a l  pr essur e  =100 Torr
F i g ur e  4 16
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Fi gure  4 17
React i on of F^O wi t h  a c t i v a t e d  CsF
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e x p e r im e n ts  was c a r r i e d  ou t u s in g  th e  c o n s ta n t  volume
manometer d e s c r ib e d  in  s e c t io n  2 .1 2 .  Measurements were
c a r r i e d  o u t  a t  10 d i f f e r e n t  p re s s u re s .  The r e s u l t s  a re
shown i n  f i g u r e  4 .1 8 ,  t o g e t h e r  w i t h  th e  up takes  c a lc u la t e d
14fro m  th e  d rop  i n  o v e r a l l  gas phase co u n ts  i n  th e  CO
e x p e r im e n ts .  The two s e ts  o f  da ta  show v e ry  good agreement
th u s  i n d i c a t i n g  t h a t  th e  f a l l  i n  gas phase co u n ts  g iv e s  a
r e l i a b l e  measure o f  th e  up take  o f  gas by th e  s o l i d .  F ig u re
4 .17  shows t h a t  th e  up take  o f  F^CO by b u lk  CsF i s  t o t a l l y
dependant upon th e  i n i t i a l  p re s s u re  o f  F^CG in  th e  sys tem .
When th e  samples were re -w e ig h e d  a f t e r  th e  c o n s ta n t  volume
e x p e r im e n ts  th e  in c re a s e  in  w e ig h t  i n  each case was le s s
th a n  h a l f  t h a t  r e q u i r e d  f o r  th e  up take  o f  F^CG in d i c a t e d
by th e  d rop  i n  p re s s u re  (T a b le  4 . 8 ] .  T h is  shows t h a t  th e
rem ova l o f  th e  F^CG fro m  th e  c o u n t in g  v e s s e l  must a ls o
remove more th a n  h a l f  o f  th e  F^CG adsorbed w i t h i n  th e  b u lk
o f  th e  s o l i d .  F o r  example th e  d rop  i n  p re s s u re  a t  300 T o r r
i s  e q u iv a le n t  t o  an up take  o f  0 .25  m mol o f  FgCG p e r  m mol
o f  CsF whereas th e  in c re a s e  i n  w e ig h t  a f t e r  r e a c t io n  i s
e q u iv a le n t  t o  an up take  o f  0 .11 m mol o f  F^CO p e r  m mol CsF.
I n f r a  red  e x a m in a t io n  o f  th e  CsF a f t e r  r e a c t io n  r e v e a ls
th e  p resence  o f  th e  FgCG an ion  as was th e  case i n  th e  
1 a
r e a c t i o n  o f  F FCG w i t h  CsF (T ab le  4 . 7 ] .
4 .5  OISCUSSION GF F^CG RESULTS
The r e a c t io n  between F^CG and a c t i v a t e d  CsF i s  r a p id  a t 
room te m p e ra tu re .  More than  one ty p e  o f  s p e c ie s  i s  p re s e n t
Fi gure  4 18
React ion of  F^CO wi th a c t i v a t e d  CsF 
Uptake of F^CO vs i n i t i a l  pressure
o  40-
; vpi'ake, from  constafff" volume.
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TABLE 4.8
UPTAKE DF F^CO BY ACTIVATED CsF
I n i t i a l  P re s su re  
T o r r
Uptake C a lc u la te d  
f ro m  F a l l  i n  P ressu re  
m mol Cm mol CsF]
Uptake C a lc u la te d  
From in c re a s e  in  
w e ig h t  o f  CsF 
m mol Cm mol CsF]
+ +
24 0.0712 - 0.01 0.0270 - 0 .005
+ +
50 0.106 - 0.01 0.048 - 0 .005
+ +
74 0.119 - 0.01 0.052 - 0 .005
+ +
100 0.142 - 0.01 0 .067 - 0 .005
+ +
150 0.181 - 0.01 0.081 - 0 .005
+ +
180 0.175 - 0.01 0.086 - 0 .005
+ +
200 0.191 - 0.01 0.094 - 0 .094
+ +
228 0.220 - 0.01 0.102 - 0 .005
+ +
250 0 .232 - 0.01 0.110 - 0 .005
+ +
304 0 .253 0.01 0.121 0 .005
- 9 9 -
□n th e  s u r fa c e  o f  th e  s o l i d  and a ls o  w i t h i n  th e  b u lk  o f  
th e  s o l i d .
There  a re  two s u r fa c e  s p e c ie s  p re s e n t  one w h ich  i s  p e rm a n e n t ly  
adsorbed p r o b a b ly  as F^CO" on th e  b a s is  o f  th e  i n f r a  red 
r e s u l t s ,  and one w h ich  i s  w eak ly  adsorbed and can be pumped 
away. These same two s p e c ie s  appea r t o  be p re s e n t  i n  th e  
b u lk  o f  th e  s o l i d  as w e l l  as on th e  s u r fa c e  because on 
rem ov ing  th e  F^CO f ro m  th e  r e a c t io n  v e s s e l  th e  amount o f  gas 
w h ich  i s  adsorbed by th e  CsF f a l l s  by more th a n  50%.
18
In  th e  r e a c t i o n  between CsF and F FCG bo th  up take  o f  gas
and f l u o r i n e  exchange a re  obse rved . There a re  two p o s s ib le
e x p la n a t io n s  f o r  t h i s  f l u o r i n e  exchange. The f i r s t  i s  t h a t
t h e  w e a k ly  adsorbed s p e c ie s  i s  adsorbed i n  such a way as
t o  make th e  f l u o r i n e  fro m  CsF e q u iv a le n t  t o  th e  two f ro m
F^CG and th e  second i s  e q u iv a le n c e  between F^CG and F^CG
Cads] i s  p o s s ib le .  I t  i s  p ro b a b le  t h a t  th e  w eak ly  adsorbed
F^CG m o le c u le s  a re  adsorbed i n  such a way as t o  a l lo w
a l l  th e  f l u o r i n e s  t o  become e q u iv a le n t .  The e v id e n ce  f o r
99
t h i s  comes f ro m  a m a t r i x  i s o l a t i o n  s tu d y  by B.S. A u l t  i n
w h ich  he r e p o r t s  th e  f o r m a t io n  o f  an unusua l complex fro m
th e  r e a c t i o n  o f  fo rm a ld e h yd e  w i t h  CsF in  an argon m a t r i x .
T h is  r e a c t io n  d id  n o t  g iv e  r i s e  t o  th e  expec ted  f l u o r i d e
io n  t r a n s f e r  and f o r m a t io n  o f  th e  CH^FG. a n io n .  No C-F
s t r e t c h i n g  mode was observed and th e  C = 0 s t r e t c h i n g  mode
-1
was s h i f t e d  by o n ly  50-60 cm compared w i t h  a s h i f t  o f  
-1400 cm when F^CO i s  form ed fro m  F^CG. T h is  s ugges ts  t h a t  
th e  f l u o r i d e  io n  i s  i n t e r a c t i n g  w eak ly  w i t h  th e  ca rbon  c e n t re
- 1 0 0 -
o f  th e  CH^O b u t  n o t  a c t u a l l y  fo rm in g  a bond.
A s i m i l a r  ty p e  o f  r e a c t io n  may o c c u r  between th e  w eak ly  
adsorbed F^CO and th e  CsF t o  g iv e  th e  s p e c ie s  shown in  
f i g u r e  4 .1 9 .
F ig u re  4 .1 9  ^  ^ __
I f  t h i s  r e a c t i o n  o ccu rs  t h e r e  may be a p o in t  a t  w h ich  a l l  
th e  f l u o r i n e s  become e q u iv a le n t  and exchange i s  p o s s ib le .
The p o s s i b i l i t y  o f  e q u iv a le n c e  between F^CO and F^CO (ads]
seems u n l i k e l y  based on th e  f i n d i n g s  o f  Redwood and W i l l i s  
27
in  1965. They r e p o r te d  t h a t  CsOCF^ was s t a b le  w i t h
r e s p e c t  t o  d e c o m p o s i t io n  a t  room te m p e ra tu re .  The i n f r a
red  and Raman s tu d y  o f  th e  F^CO io n  by C h r is t e  and
cow orke rs  does however i n d i c a t e  t h a t  two o r  more resonance
fo rm s  o f  th e  a n ion  e x i s t .  T h is  v iew  i s  s u p p o r te d  by a
100
l a t e r  m a t r i x  i s o l a t i o n  s tu d y  o f  CsOCF^ by B .S-Ault.
In  th e  i n f r a  red  spec trum  o f  CsOCF^, t h e r e  i s  a band a t  
-1
960cm w h ich  i s  a ss ig n e d  t o  th e  d o u b ly  degen era te  
CF^ s t r e t c h i n g  mode. In  th e  m a t r i x  i s o l a t i o n  s tu d y  th e
degeneracy o f  th e  band i s  l o s t  and i t  appears as two
-1  -1 
s e p a ra te  bands a t  919 cm and 1039 cm . The o th e r  band
p o s i t i o n s  a ls o  show s l i g h t  d i f f e r e n c e s  fro m  t h e i r  expec ted
- 1 0 1
v a lu e s .  The CF^ f re q u e n c ie s  have decreased by 350 cm 
compared w i t h  CF^. The CO s t r e t c h  i s  a t  a lo w e r  f re q u e n c y  
th a n  exp e c te d  f o r  a doub le  bond and h ig h e r  th a n  t h a t  o f  
a s i n g l e  bond.
F u r t h e r  e v id e n ce  f o r  th e  e x is te n c e  o f  resonance s t r u c t u r e s
29
i s  s u p p l ie d  by W B Farnham and cow orke rs  i n  t h e i r  s tu d y  
o f  th e  c r y s t a l  and m o le c u la r  s t r u c t u r e  o f  3 ^ J
I^FgCG The X - ra y  s in g le  c r y s t a l  d i f f r a c t i o n  a n a ly s i s
shows t h a t  th e  G-F bond le n g th s  a re  e x c e p t i o n a l l y  lo n g  
(1 .3 9 0  and 1 .397  X] and th e  C-G bond le n g th  i s  q u i t e  
s h o r t  ( I . 227X] compared w i t h  th e  c o r re s p o n d in g  gas-phase 
e x p e r im e n ta l  v a lu e s  f o r  CF^GR (R=F, C F^].  The C-G
bond le n g th  i s  c lo s e  t o  t h a t  f o r  th e  C=G bond i n  CF^=0.
I n  a d d i t i o n  th e  FCF bond a n g le s  a re  v e ry  s m a l l  compared 
t o  th o s e  o f  CF^GR.
M u l l i k e n  p o p u la t io n  a n a lys e s  i n d i c a t e  t h a t  t h e r e  i s  an 
a d d i t i o n a l  charge  o f  - 0 .2 e  on each F in  CF^O . T h is  
excess charge  im p l ie s  t h a t  each o f  th e  resonance s t r u c t u r e s  
b -d  c o n t r i b u t e  a p p ro x im a te ly  20% t o  th e  bond ing  i n  
CFgO w h i le  (a ]  c o n t r i b u t e s  40%.
F ig u re  4 .2 0
0 “  O O p
/ | \  / I  r / \
F F F“ F
(a) (b) (c) (d)
- 1 0 2 -
The e x is te n c e  o f  th e s e  resonance fo rm s p ro v id e s  a ready  
mechanism f o r  th e  e q u iv a le n c e  o f  F^CO and F^CO (ads) as 
th e  p roposed w eak ly  adsorbed s p e c ie s  can be r e a d i l y  
e n v is a g e d  as a p r e c u r s o r  t o  th e se  resonance s p e c ie s  
as shown i n  f i g u r e  4 .2 1 .
O O
F ' F
E  * F   p ____________  S u r f a c eF F
(a) (b) (c)
T h e r e fo r e ,  based on th e  e v id e n ce  p re s e n te d  th e  two 
p o s s ib le  e x p la n a t io n s  f o r  f l u o r i n e  exchange can be 
combined t o  p r o v id e  an o v e r a l l  d e s c r i p t i o n  o f  th e  ways 
f l u o r i n e  exchange can o c c u r .
In  th e  w eak ly  adsorbed s t a t e ,  th e  two f l u o r i n e s  fro m  
th e  F^CO become e q u iv a le n t  t o  th e  f l u o r i n e  f ro m  CsF.
When t h i s  o cc u rs  th e  s t r u c t u r e  o f  th e  adsorbed s p e c ie s  i s  
s i m i l a r  t o  th e  s t r u c t u r e  o f  th e  F^CO a n io n .  T h is  a l lo w s  
f l u o r i n e  exchange t o  o c c u r  e i t h e r  between F^CO (ads) 
and F o r  between FgCO and F^CO (a d s ) .
4 .6  RESULTS OF REACTION OF BF^ WITH CsF  o------------------
As t h e r e  a re  no s u i t a b l e  r a d io is o to p e s  o f  bo ro n ,  th e
18
r e a c t io n  between BF^ and CsF was s tu d ie d  u s in g  F
-103-
l a b e l l e d  BF^ a lo n e .  The r e s u l t s  o b ta in e d  a re  com parab le  
w i t h  th o s e  f ro m  a c o n v e n t io n a l  m anom etr ic  s tu d y  o f  t h i s  
system  c a r r i e d  ou t  a t  th e  same t im e .
18
F our e x p e r im e n ts  i n v o l v i n g  BF^ F and non a c t i v a t e d  CsF
were c a r r i e d  o u t .  T h e i r  r e s u l t s  a re  summarised i n  t a b l e
4 .9 .  F ig u re  4 .2 2  shows a p l o t  o f  s o l i d  coun t r a t e
v e rs u s  t im e  f o r  e x p e r im e n t  number 3. There i s  a r a p id
r i s e  i n  s o l i d  coun t r a t e  u n t i l  an e q u i l i b r i u m  l e v e l  i s
reached  a f t e r  30 m in u te s .  There i s  no change in  th e
18
s p e c i f i c  co u n t  r a t e  o f  th e  BF^ F b e fo re  and a f t e r  r e a c t io n
so th e  in c re a s e  i n  t h e  s o l i d  coun t r a t e  i s  due t o  u p take  
18
o f  BF^ F by th e  caesium f l u o r i d e .  S ince  th e  s p e c i f i c
18
coun t r a t e  o f  th e  BF^ F i s  known f o r  each e x p e r im e n t ,  th e  
obse rved  s o l i d  c oun t r a t e s  can be c o n v e r te d  t o  amounts o f  
BF^^^F adso rbed . The c a l c u la t e d  amounts o f  adsorbed 
BF^ F a re  shown i n  t a b l e  4 .9 .  The average up take  observed 
i s  0 .088  -  0 .004  m m o l.
T re a tm e n t  o f  caesium  f l u o r i d e  w i t h  non r a d i o a c t i v e  BF^
18
b e fo re  r e a c t i o n  w i t h  BF^ F p re v e n ts  any up take  o f  th e
BF^ F . T ab le  4 .10  shows th e  r e s u l t s  o f  a r e a c t io n  between 
18BF^ F and non a c t i v a t e d  CsF t r e a t e d  w i t h  BF^. The obse rved  
co u n ts  a re  v e ry  low because th e y  a re  gas phase co u n ts  and 
m a t e r i a l  i n  th e  gas phase cannot be e f f i c i e n t l y  coun ted  
i n  a w e l l  s c i n t i l l a t i o n  c o u n te r .
18
I f  t h e  caes ium  f l u o r i d e  i s  f i r s t  t r e a t e d  w i t h  BF^ F t o  
p roduce  a r a d i o a c t i v e  s o l i d  and th e n  a l lo w e d  t o  r e a c t
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TABLE 4.10
RESULTS OF REACTION OF BF_^^F WITH NON ACTIVATED CsF TREATED 
WITH BF„
Time min
S o l i d  + Gas 
co u n ts  min ^
Gas Counts
-1
co u n ts  min
S o l id  Counts 
co u n ts  min ^
2 439 422 17
9 454 433 21
17 446 448 -2
25 412 425 -13
32 436 416 20
38 435 436 -1
43 456 420 36
52 407 437 -30
58 434 454 -20
64 424 402 22
72 456 433 23
Count r a t e  o f  s o l i d  a f t e r  r e a c t i o n  = 28 co u n ts  min. -1
18 -1 -1 
S p e c i f i c  coun t r a t e  o f  BF^ F b e fo re  = 6870 co u n ts  min m mol
18 —1 —1 
S p e c i f i c  Count r a t e  o f  BF^ F a f t e r  = 6870 c o u n ts  min m mol
-104-
1 a
w i t h  non r a d io a c t i v e  BF^ no F exchange i s  obse rve d .  T h is
18
a ls o  i n d i c a t e s  t h a t  th e  adsorbed BF^ F m o le cu le s  do n o t  
exchange w i t h  th e  gas phase BF^ m o le c u le s .  The r e s u l t s  o f  
t h i s  e x p e r im e n t  a re  l i s t e d  i n  t a b le  4 .1 1 .
18The r e s u l t s  o f  f o u r  r e a c t io n s  between BF^ F and a c t i v a t e d
CsF a re  g iv e n  i n  t a b l e  4 .1 2 .  The r e s u l t s  o b ta in e d  are  s i m i l a r
18t o  th o s e  o f  th e  r e a c t io n  between BF^ F and non a c t i v a t e d
CsF, w i t h  a r a p id  in c r e a s e  i n  th e  s o l i d  coun t r a t e  w h ich
reached  an e q u i l i b r i u m  l e v e l  a f t e r  30 m in u te s  as shown
i n  f i g u r e  4 .2 3 .  The o n ly  d i f f e r e n c e  i s  t h a t  w i t h  non
18
a c t i v a t e d  CsF, o n ly  a s m a l l  p r o p o r t i o n  o f  th e  BF^ F was 
ta k e n  up by th e  caesium f l u o r i d e  whereas w i t h  a c t i v a t e d  
caesium  f l u o r i d e  a l l  o f  th e  gas p re s e n t  i n  th e  r e a c t io n  
f l a s k  i s  ta k e n  up by th e  s o l i d .
I n  an e f f o r t  t o  d e te rm in e  th e  t o t a l  amount o f  BF w h ich
3
w ou ld  r e a c t  w i t h  0 .50g  o f  a c t i v a t e d  CsF two a d s o rp t io n  
e x p e r im e n ts  were c a r r i e d  ou t u s in g  th e  c o n s ta n t  volume 
a p p a ra tu s  d e s c r ib e d  i n  s e c t io n  2 . 1 . 2 .  0 .50g  o f  a c t i v a t e d
CsF was loaded  i n t o  a sample b u lb  and th e  l i n e  f i l l e d  
w i t h  BFg t o  a p re s s u re  o f  300 T o r r .  The o v e r a l l  d rop  i n  
p re s s u re  was measured a f t e r  45 m in u te s .  A f t e r  c o r r e c t i o n  
f o r  th e  change i n  t o t a l  volume on open ing  th e  sample b u lb ,  
th e  f a l l  i n  BF^ p re s s u re  was e q u iv a le n t  t o  up takes  o f  3.21 
-  0 .10  m mol and 3 .15  -  0 .10  m mol o f  BF^ by 3 .28  -  0 .06  
m mol and 3 .16  -  0 .06  m mol o f  a c t i v a t e d  CsF r e s p e c t i v e l y .  
These r e s u l t s  show t h a t  a c t i v a t e d  CsF w i l l  r e a c t  w i t h  
BFg i n  a 1:1 mole r a t i o  a t room te m p e ra tu re .
TABLE 4.11
RESULTS OF REACTION OF BF^ WITH NON ACTIVATED CsF TREATED WITH
Time min


















Count r a t e  o f  BF^ a f t e r  r e a c t io n  = 34 co u n ts  min
18 — 1 — 1 
S p e c i f i c  coun t r a t e  o f  BF F b e fo re  = 16781 c o u n ts  min m mol
18 —1 —1 
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React ion of  BF^F with a c t i v a t ed  CsF 
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Table 4.13 shows the results of an experiment in which
a sample o f  a c t i v a t e d  CsF was t r e a t e d  w i t h  non r a d i o - a c t i v e
18
BF^ b e fo re  r e a c t i o n  w i t h  BF^ F . A f t e r  one hou r t h e r e  i s  no 
d e te c ta b le  s o l i d  coun t r a t e .
T a b le  4 .1 4  shows th e  r e s u l t s  o f  an e xp e r im e n t  i n  w h ich  th e
18
a c t i v a t e d  CsF was t r e a t e d  f i r s t  w i t h  BF^ F a n d  th e n  w i t h
non r a d i o a c t i v e  BF^. In  t h i s  case th e r e  i s  a b a r e ly
d e te c t a b le  g ro w th  in  th e  gas phase coun t r a t e .  There  i s
no d e te c ta b le  change in  th e  s p e c i f i c  coun t r a t e  o f  th e  
18
BF F b e fo re  and a f t e r  r e a c t i o n .
2
In  t h i s  work th e  caesium f l u o r i d e  was a c t i v a t e d  by 
t r e a tm e n t  w i t h  h e x a f lu o ro a c e to n e  i n  a c e t o n i t r i l e  and 
subsequent th e rm a l  d e c o m p o s i t io n  o f  th e  adduc t fo rm ed 
as d e s c r ib e d  i n  c h a p te r  3 s e c t io n  3 . 1 . 1 .  Subsequent 
e x a m in a t io n  o f  t h i s  a c t i v a t e d  caesium f l u o r i d e  re v e a le d  
t h a t  0.5% o f  th e  h e p ta f lu o r o is o p r o p o x id e  a n ion  i s  
r e t a in e d  a f t e r  d e c o m p o s i t io n .  In  an e f f o r t  t o  d e te rm in e  
w h e th e r  o r  n o t  th e  r e ta in e d  an ion  p la y s  any p a r t  i n  th e  
r e a c t io n s  o f  a c t i v a t e d  caesium f l u o r i d e ,  two samples o f  
caesium  f l u o r i d e  were a c t i v a t e d  by o th e r  means. The 
f i r s t  sample was a c t i v a t e d  by h e a t in g  under vacuum 
a t  250° f o r  8 hours  fo l lo w e d  by g r i n d in g  i n  an aga te  
m o r ta r  and p e s t l e .  The second sample was t r e a t e d  w i t h  
F^CO as d e s c r ib e d  in  c h a p te r  3 s e c t io n s  3 .1 .2  and 
3 . 1 . 3 .
TABLE 4.13
REACTION OF BF^^^F WITH ACTIVATED CsF TREATED WITH BF^
Time min






S o l id  Counts 
c o u n ts  min ^
1 451 456 -5
5 447 441 6
10 463 455 8
15 431 437 -6
20 457 442 15
25 423 419 4
30 435 437 -2
40 419 407 12
50 472 480 -8
60 414 404 10
Count r a t e  o f  s o l i d  a f t e r  r e a c t io n  = 43 co u n ts  min. -1
18 +  — 1 — 1 
S p e c i f i c  coun t r a t e  o f  BF^ F b e fo re  = 6638 -  81 c o u n ts  min m mol
'IQ + —  ̂ 1
S p e c i f i c  co u n t  r a t e  o f  BF^ F a f t e r  r e a c t io n  = 6632 -  81 c o u n ts  min m mol
TABLE 4.14
REACTION OF BF^ WITH ACTIVATED CsF TREATED WITH BF^^^F
Time min






S o l id  Counts 
-1
Counts min
1 21820 1 21819
6 21044 3 21041
12 21457 4 21453
18 21389 2 21387
24 21359 3 21356
34 21110 3 21107
43 21271 5 21266
49 21097 8 21091
57 21101 5 21096
63 20958 9 20949
Count r a t e  o f  gas a f t e r  r e a c t io n  = 67 c o u n ts  min
-1
18 +  — 1 — 1
S p e c i f i c  coun t r a t e  o f  BF^ F b e fo re  = 6637 -  81 c o u n ts  min m mol
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The results of the reaction of with CsF activated
by h e a t in g  a re  shown i n  f i g u r e  4 .2 4 .  As w i t h  h e x a f lu o ro a c e to n e
a c t i v a t e d  CsF th e r e  i s  a r a p id  i n i t i a l  in c r e a s e  in  s o l i d
c oun t r a t e  and an e q u i l i b r i u m  l e v e l  i s  reached a f t e r  30
18
m in u te s .  U n l ik e  th e  r e a c t i o n  o f  BF^ F w i t h  h e x a f lu o ro a c e to n e
18
a c t i v a t e d  CsF a l l  o f  th e  BF^ F does no t  r e a c t  w i t h  t h e  CsF.
The maximum up take  o f  BF^, measured u s in g  th e  c o n s ta n t  
volume a p p a ra tu s ,  c o r re s p o n d s  t o  0.33m mol o f  BF^ t o  1 m mol 
o f  CsF. W ith  h e x a f lu o ro a c e to n e  a c t i v a t e d  CsF th e  maximum 
up take  i s  1 .1 .
18F^CO a c t i v a t e d  CsF r e a c t s  w i t h  BF^ F i n  a s i m i l a r  manner, t o
th e  t h e r m a l l y  a c t i v a t e d  CsF as shown by f i g u r e  4 .2 5 .  T h is
shows a r a p id  i n i t i a l  in c re a s e  in  s o l i d  coun t r a t e  w h ich
reaches  an e q u i l i b r i u m  v a lu e  a f t e r  30 m in u te s .  A l l  o f  th e  
18BF^ F i n  t h e  r e a c t i o n  v e s s e l  i s  ta ke n  up by th e  CsF. 
Measurements c a r r i e d  o u t  u s in g  th e  c o n s ta n t  volume a p p a ra tu s  
show t h a t  th e  maximum up take  o f  BF^ co rre s p o n d s  t o  0 .9 5  m mol 
o f  BF^ t o  1 m mol o f  CsF.
In  a d d i t i o n  t o  th e  r e a c t io n s  a l r e a d y  d e s c r ib e d  th e  r e a c t io n
between BF^^^F and NF^ BF^ was s tu d ie d .  F ig u re  4 .26  shows
a p l o t  o f  s o l i d  coun t r a t e  ve rsus  t im e  f o r  t h i s  r e a c t i o n .
The s o l i d  coun t r a t e  in c re a s e s  r a p i d l y  u n t i l  an e q u i l i b r i u m
v a lu e  i s  reached a f t e r  a p p ro x im a te ly  20 m in u te s .  The
18s p e c i f i c  coun t r a t e  o f  th e  BF^ F b e fo re  r e a c t io n  was
+  -1  "1 20095 -  141 co u n ts  min m mol and a f t e r  r e a c t io n  i t  had
+ ~ 1 ~ 1 
d ropped t o  18702 -  136 co u n ts  min m mol . T h is  i n d i c a t e s
la
Figure 4 24
Reac t i on  of B F2 F wi th CsF a c t i v a t e d  by heat i ng  
Sol id count r a t e  vs ‘react ion t ime
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F i gur e  4 25
React i on of BF^I^wifh CsF act ivated by react ion with F2 CO 
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Figure 4 26
React i on o f B F F  wi th NF BF
2 4 4
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-107-
t h a t  th e  in c re a s e  i n  s o l i d  a c t i v i t y  i s  due t o  F exchange 
— '] Q
between BF^ and BF^ F . Us ing  e q u a t io n  2 .4  and assuming
18 + 1  G'l
t h a t  t h e r e  i s  no exchange between BF^ F and NF^ th e
+
f r a c t i o n  exchanged [ f ] i s  0 .087  -  0 .0 0 1 .  The f r a c t i o n  
exchanged c a lc u la t e d  f ro m  a second e x p e r im e n t  i s  0 .080  
- 0 . 001.
The system s d e s c r ib e d  so f a r  have a l l  been s tu d ie d  under
18
he te roge neous  c o n d i t i o n s .  Measureab le  F exchange was
18
obse rved  between BF^ F and NF^BF^. F lu o r in e  exchange between
BF^ and BF^ has p r e v io u s l y  been observed unde r homogeneous 
102
c o n d i t i o n s .  To show t h a t  th e  e x p e r im e n ta l  te c h n iq u e s
d e s c r ib e d  i n  t h i s  w ork can be used t o  observe  exchange
18under s i m i l a r  c o n d i t i o n s  th e  r e a c t io n s  between BF^ F and 
L i  BF^ i n  MeCN and between BF^ F and CsBF^ i n  MeCN were 
s t u d i e d .
The r e s u l t s  a re  g iv e n  i n  t a b le s  4 .15  and 4 .18  and show
18
t h a t  com p le te  exchange i s  observed  i n  th e  BF^ F / L i  BF^
18
system  and 21% exchange i s  observed i n  th e  BF^ F /Cs BF^ 
system.
4 .7  DISCUSSION OF BF^ RESULTS
Both  a c t i v a t e d  and non a c t i v a t e d  CsF r e a c t  r e a d i l y  w i t h  
BFg a t  room te m p e ra tu re  w i t h  up take  o f  gas a lw ays  b e in g  
obse rve d .  There a re  t h r e e  p o s s ib le  s p e c ie s  w h ich  c o u ld  
r e s u l t  f ro m  th e  up take  o f  gas -  1) Adsorbed BF^ m o le c u le s ,  
2) th e  BF^ a n ion  o r  3] th e  a n io n .
TABLE 4.15
REACTION OF BF„ F WITH L i  BF^ IN MeCN  ^ ^ ----------------
Count r a t e  o f  BF F b e fo re  r e a c t io n  
2
18
Amount o f  BF^ F 
R e a c t io n  t im e
Count r a t e  o f  L i  BF^ a f t e r  r e a c t i o n
Amount o f  L i  BF
18,
Count r a t e  o f  BF^ F a f t e r  r e a c t io n  
F r a c t io n  exchanged
— 1
15966 co u n ts  min
2 .7  m mol 
60 m in u te s
— 1
9003 co u n ts  min
2 .65  m mol 




REACTION OF BF„ ^®F WITH CsBF, IN MeCN---------------------------- 2---------------------------- H----------------
18
Count r a t e  o f  BF^ F b e fo re  r e a c t io n  
18
Amount o f  BF^ F 
R e a c t io n  t im e
Count r a t e  o f  Cs BF^ a f t e r  r e a c t i o n
Amount o f  Cs BF
18,
Count r a t e  o f  BF^ F a f t e r  r e a c t io n  
F r a c t io n  exchanged
— 1
17261 co u n ts  min
= 2 .0  m mol
60 m in u te s
-1
2926 c o u n ts  min 
1 .95  m mol
— ^




Many BF^ s a l t s  a re  Known and th e  t e t r a h e d r a l  s t r u c t u r e  
o f  th e  a n io n  has been w e l l  c h a r a c te r i s e d  s p e c t r o s c o p i c a l l y ^ ^ ^ '  
[F ig u r e  4 .2 7 )
1 ^  / F
F ig u re  4 .2 7  F ig u re  4 .28
The ^ 2^7 s n io n  w h ich  has th e  s t r u c t u r e  shown i n  f i g u r e  
4 .2 8 ^ ^ ^  e x i s t s  a t  low  te m p e ra tu re s  i n  s o lu t io n ^ ^ ^ ' ^ ^ ^ a n d  
i n  th e  s o l i d  s t a t e  w i t h  la r g e  c a t io n s ^ ^ ^  such as [C^H^) ^ NH^ 
b u t  r e a d i l y  d i s s o c ia t e s  t o : g i v e  BF^ and BF^.
I n f r a  red  e x a m in a t io n  o f  bo th  a c t i v a t e d  and non a c t i v a t e d
18
caesium  f l u o r i d e  a f t e r  r e a c t io n  w i t h  BF^ F a lways
p roduces  a s i m i l a r  spec trum . Two weak bands a re  observed
-1 -1 
between 520 and 540 cm , a medium band 'a t  770 cm and a
-1
s t r o n g  band a t  1060 cm . W ith  non a c t i v a t e d  CsF a weak
broad band i s  obse rved  i n  p la c e  o f  th e  two weak bands a t
-1 -1 520 cm and 540 cm due t o  th e  s m a l l  amount o f  BF^
in v o lv e d  i n  th e  r e a c t i o n .  T ab le  4 .17  l i s t s  th e  bands
obse rved  i n  th e  IR spec trum  o f  CsF a f t e r  r e a c t io n  w i t h  BF^
109 105
t o g e t h e r  w i t h  th e  l i t e r a t u r e  v a lu e s  f o r  BF^ , KB F^
and CBu ) ^  NB^F^^^^. Comparison o f  these da ta  shows t h a t
th e  p ro d u c t  o f  th e  r e a c t io n  between CsF and BF^ i s  CsBF^
T h is  i s  f u r t h e r  s u p p o r te d  by th e  r e s u l t s  o f  th e  m anom etr ic  
s tu d ie s  p r e v io u s l y  d e s c r ib e d  w h ich  show t h a t  BF^ r e a c ts
TABLE 4 .1 7  INFRA RED SPECTRUM OF CsF AFTER REACTION WITH
S o l i d  a f t e r  r e a c t i o n B F ^ ° ^ c m   ̂ K B F ^ ° ^ c m '^  CBu) NB F ^ ° ®  cm"^ 
j  4 4 2 /


























with hexafluoroacetone activated CsF in a 1:1 mole ratio
W ith  non a c t i v a t e d  CsF th e r e  i s  a much s m a l le r  up take  o f
BF^ w i t h  o n ly  0 .027  m mol o f  BF^ r e a c t i n g  p e r  m mol o f
CsF. The r a t i o  o f  th e  amount o f  BF^ r e a c t in g  w i t h  non
a c t i v a t e d  CsF t o  th e  amount r e a c t in g  w i t h  a c t i v a t e d  CsF
i s  a p p ro x im a te ly  1 :4 0 .  The r a t i o  o f  s u r fa c e  a reas i s
1 :1 0 .  The la r g e  d i f f e r e n c e  i n  up takes  i s  due t o  th e
amount o f  b u lk  r e a c t io n  w h ich  o c c u rs .  I n  th e  r e a c t io n
18o f  a c t i v a t e d  caes ium  f l u o r i d e  w i t h  BF^ F th e  b u lk  r e a c t io n  
i s  com p le te  and CsBF^ i s  fo rm ed .
I f  non a c t i v a t e d  CsF i s  t r e a t e d  w i t h  BF^ no f u r t h e r  a d s o r p t io n  
o f  gas can ta k e  p la c e .  T h is  means t h a t  a d s o r p t io n  o f  BF^ 
by non a c t i v a t e d  CsF i s  r e s t r i c t e d  t o  a l i m i t e d  number o f  
s p e c i f i c  s i t e s ,  a l l  o f  w h ich  a re  f i l l e d  d u r in g  th e  f i r s t  
r e a c t io n  w i t h  BF^.
The r e s u l t s  o f  th e  r e a c t io n s  o f  BF^ w i t h  CsF a c t i v a t e d  by 
t r e a tm e n t  w i t h  F^CG and w i t h  t h e r m a l l y  a c t i v a t e d  CsF a re  
s i m i l a r  t o  th o s e  o f  i t s  r e a c t io n s  w i t h  h e x a f lu o ro a c e to n e  
a c t i v a t e d  CsF.
P r e - t r e a tm e n t  o f  CsF by re p e a te d  h e a t in g  and g r i n d in g
+ 2 — '1
r e s u l t s  i n  CsF w i t h  a s u r fa c e  a rea  o f  1 .20  -  0 .2 0  m g 
BFg r e a c t s  w i t h  t h i s  CsF g i v i n g  a maximum u p take  o f  0.33m 
mol o f  BFg p e r  m mol o f  CsF.
-110-
When CsF i s  a c t i v a t e d  by r e a c t io n  w i t h  F^CO i t  has a
2 -1
s u r fa c e  a rea  o f  2 .27  -  1 ,77  m g . BF^ r e a c t s  w i t h  
t h i s  CsF g i v i n g  a maximum up take  o f  0 .95  m mol o f  BF^ 
p e r  m mol o f  CsF. When th e  d i f f e r e n c e s  i n  s u r fa c e  a reas  
a re  ta k e n  i n t o  accoun t th e  up takes  o f  gas by [CF^jg^O 
a c t i v a t e d  CsF and F^CG a c t i v a t e d  CsF a re  com parab le .
The up take  o f  gas by t h e r m a l l y  a c t i v a t e d  CsF i s  much 
s m a l le r  s u g g e s t in g  t h a t  c h e m ica l p re - t r e a tm e n t  o f  CsF 
does more th a n  s im p ly  in c re a s e  i t s  s u r fa c e  a re a .  The 
r e s u l t s  o b ta in e d  sugges t t h a t  c h e m ica l p r e - t r e a tm e n t  
p roduces  a s o l i d  w i t h  a more open s t r u c t u r e  perhaps  po rous  
as p roposed i n  c h a p te r  3. The com parab le  r e s u l t s  o b ta in e d  
f ro m  th e  two d i f f e r e n t  t y p e s  o f  c h e m ic a l ly  a c t i v a t e d  CsF 
show t h a t  th e  s m a l l  amount o f  h e p ta f lu o r o is o p r o p o x id e  
io n  r e ta in e d  a f t e r  a c t i v a t i o n  by h e x a f lu o ro a c e to n e  does 
n o t  p la y  any p a r t  i n  th e  r e a c t io n s  o f  CsF a c t i v a t e d  i n  
t h i s  way.
F exchange i s  observed i n  th e  homogeneous systems B F ^/ ; 
L iB F^ i n  MeCN and BF^/CsBF^ i n  MeCN. Exohange i s  com p le te  
i n  th e  B F ^ /L iB F ^  system bu t  o n ly  21% exchange i s  observed  
i n  t h e  BF^/CsBF^ i n  MeCN w h ich  means t h a t  th e  BF^/CsBF^ 
system i s  n o t  t r u e l y  homogeneous.
When s tu d y in g  th e  he te rogeneous  system s, m easurab le  F
18
exchange i s  o n ly  observed  i n  th e  r e a c t io n  o f  BF^ F
w i t h  NF^ BF^. There i s  a ls o  a b a r e ly  d e te c ta b le  in c re a s e
i n  th e  gas phase coun t r a t e  i n  th e  r e a c t io n  o f  BF^ w i t h  
18CsBFg F p re p a re d  fro m  h e x a f lu o ro a c e to n e  a c t i v a t e d  CsF.
111
IBThese results suggest that f e^xchange between and Bf^
i s  v e ry  s low  a t  room te m p e ra tu re ,  u n le s s  a s o lv e n t  i s
p r e s e n t .  The proposed  mechanism f o r  f l u o r i n e  exchange i n
s o l u t i o n  in v o l v e s  a s l i g h t  i n i t i a l  d i s s o c i a t i o n  o f  BF^ t o
g iv e  BFg + F f o l l o w e d  by th e  f o r m a t io n  o f  a f l u o r i n e
102b r id g e d  B^F^ io n  as shown be low .
i  BF^ -  BFg + F
C o m p le xa t io n  o f  BF^ w i t h  th e  s o lv e n t  i s  no t  d i r e c t l y  in v o lv e d  
i n  f l u o r i n e  exchange.
The he te rogeneous  exchange r e a c t io n  p ro b a b ly  o ccu rs  v i a  
th e  same ty p e  o f  f l u o r i n e  b r id g e d  in te r m e d ia te .  In  v ie w  
o f  t h i s  i t  i s  n o t  s u r p r i s i n g  t h a t  f l u o r i n e  exchange 
between CsBF^ and BF^ i s  no t  r e a d i l y  obse rved . The B^F^ 
io n  has o n ly  been s u c c e s s f u l l y  i s o l a t e d  in  th e  s o l i d  
s t a t e  w i t h  l a r g e  c a t i o n s .  The s a l t s  fo rm ed r e a d i l y  
d i s s o c ia t e  t o  g iv e  BF^ and BF^. The c r i t i c a l  f a c t o r  i n  
d e te r m in in g  w h e th e r  o r  n o t  th e  E^F^ io n  w i l l  be fo rm ed by 
r e a c t io n  o f  BF^ w i t h  th e  BF^ io n  i s  p roposed t o  be th e  
d is ta n c e  between th e  t e t r a f l u o r o b o r a t e  a n ion  and th e  
c e n t r e  o f  p o s i t i v e  charge i n  th e  c a t i o n .  When b u lk y
c a t io n s  a re  p re s e n t  th e  d is ta n c e  between th e  charged 
c e n t re s  i s  in c re a s e d  t o  such an e x te n t  t h a t  th e  i n t e r a c t i o n  
o f  th e  c a t io n  and th e  t e t r a f l u o r o b o r a t e  a n io n  becomes 
r e l a t i v e l y  weak. The c o - o r d in a t i n g  power o f  th e  
t e t r a f l u o r o b o r a t e  an ion  to w a rd  a n u c le o p h i le  th u s  approaches
-112-
i t s  maximum p o t e n t i a l  v a lu e  and i t  i s  a b le  t o  c o - o r d in a te  
w i t h  a f r e e  boron t r i f l u o r i d e  m o le c u le .  S ince
does n o t  r e a c t  w i t h  BF CsBF w ou ld  n o t  be expec ted
18
t o  r e a c t  t o  any g r e a t  degree w i t h  BF^ hence no F exchange 
sh o u ld  be ob se rve d .
4 .8  RESULTS OF REACTION OF AsF WITH CsF  5--------------------
Due t o  th e  la c k  o f  a s u i t a b le  As r a d io i s o to p e  o n ly  "'^F
l a b e l l e d  AsF^ was used t o  s tu d y  th e  r e a c t io n  o f  AsF^ w i t h
18
CsF. The r e s u l t s  o f  f o u r  r e a c t io n s  between AsF^ F and
non a c t i v a t e d  CsF a re  summarised i n  t a b le  4 .1 8 .  F ig u re  4 .29
i s  a p l o t  o f  s o l i d  c oun t r a t e  v e rs u s  t im e  f o r  one o f  th e s e
e x p e r im e n ts .  T h is  shows t h a t  t h e r e  i s  a r a p id  r i s e  i n
s o l i d  co u n t  r a t e  u n t i l  an e q u i l i b r i u m  l e v e l  i s  reached
a f t e r  ID m in u te s .  Comparison o f  th e  s p e c i f i c  coun t r a t e  
18o f  th e  AsF^ F b e fo re  and a f t e r  r e a c t io n  shows t h a t  w i t h i n
e x p e r im e n ta l  e r r o r  t h e r e  i s  no change. T h is  r u le s  o u t  F
exchange as th e  cause o f  th e  g ro w th  o f  th e  s o l i d  coun t r a t e .
The in c re a s e  i n  coun t r a t e  must t h e r e f o r e  be due t o
18
up take  o f  th e  gas by th e  s o l i d .  A sample o f  AsF^ F coun ted
+  — ^
s e p a r a te ly  had a s p e c i f i c  coun t r a t e  o f  11398 -  107 c o u n ts  min
-1  +  -1 
m mol so th e  coun t r a t e  o f  5910 -  77 co u n ts  min i n  th e
+
CsF i s  e q u iv a le n t  t o  th e  up take  o f  0 .52  -  0.007m mol o f  
18AsF^ F i n  t h i s  e x p e r im e n t .  The average up take  observed
+
i n  th e  f o u r  e x p e r im e n ts  was 0 .498  -  0 .015  m m o l.
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1 8
A sample o f  AsF^ F was a l lo w e d  t o  r e a c t  w i t h  CsF t o  p roduce
a r a d i o a c t i v e  s o l i d .  The l a b e l l e d  gas was removed and
re p la c e d  by 300 T o r r  o f  non r a d io a c t i v e  AsF^. A f t e r  one hou r
th e  gas phase co u n t  r a t e  was b a r e l y  above background l e v e l
18
show ing t h a t  th e  AsF^ F adsorbed by th e  CsF does n o t  exchange 
w i t h  th e  gas phase AsF^^^F . The AsF^^^F on th e  s u r fa c e  o f  th e  
CsF must t h e r e f o r e  be p e rm a n e n t ly  adsorbed .
The same r e s u l t  i s  o b ta in e d  i f  CsF i s  f i r s t  a l lo w e d  t o
18r e a c t  w i t h  non r a d i o a c t i v e  AsF^ and th e n  w i t h  AsF^ F . T a b le  
4 .19  shows th e  r e s u l t s  o f  one such r e a c t i o n .  The observed  
c o u n t  r a t e s  a re  v e ry  low because th e y  a re  gas phase co u n t  
r a t e s ,  and th e  w e l l  s c i n t i l l a t i o n  c o u n te r  used canno t c o u n t  
m a t e r i a l s  i n  th e  gas phase v e ry  e f f i c i e n t l y .  The coun t 
r a t e  o f  th e  CsF a f t e r  r e a c t io n  i s  b a r e ly  above baoKground 
l e v e l  th u s  c o n f i r m in g  th e r e  i s  no exchange a t  room 
te m p e ra tu re  between adsorbed AsF^ and AsF^ i n  th e  gas phase.
18
A s i m i l a r  s e r ie s  o f  e x p e r im e n ts  was c a r r i e d  o u t  w i t h  AsF^ F 
and CsF a c t i v a t e d  by p re t re a tm e n t  w i t h  h e x a f lu o ro a c e to n e . 
T a b le  4 .2 0  shows th e  r e s u l t s  o f  f o u r  r e a c t io n s  between 
AsF^ F and a c t i v a t e d  CsF.
The r e s u l t s  a re  s i m i l a r  t o  th o se  o b ta in e d  w i t h  non a c t i v a t e d  
CsF. The s o l i d  coun t r a t e  in c re a s e s  r a p i d l y  o v e r  th e  f i r s t  
te n  m in u te s  o f  th e  r e a c t io n  b e fo re  re a c h in g  i t s  e q u i l i b r i u m  
l e v e l .  T h is  r a p id  in c r e a s e  i s  shown i n  f i g u r e  4 .3 0 .  T h is  
in c r e a s in g  s o l i d  coun t r a t e  must be due t o  up take  o f  gas
TABLE 4.19
18,
RESULTS OF REACTION OF AsF^ F WITH NON ACTIVATED CsF 
PRETREATED WITH AsF_
Time (m in)





S o l id
Counts
. -1 min
1 1089 1137 , -48
6 1151 1171 -20
11 1118 1162 -44
16 1170 1149 +21
21 1164 1171 +7
26 1177 1150 +27
31 1159 1163 -4
35 1148 1140 +8
45, 1176 1148 +28
55 1193 1182 + 11
Count r a t e  o f  s o l i d  a f t e r  r e a c t io n 134 Counts min ^
Average background coun t = 112 c o u n ts  min
-1
IB -1 . -1
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by th e  s o l i d  as t h e r e  i s  no change i n  th e  s p e c i f i c  coun t
18 '18 
r a t e  o f  t h e  AsF^ F b e fo re  and a f t e r  r e a c t i o n .  The AsF^ F
used i n  t h i s  e xp e r im e n t  had a s p e c i f i c  coun t r a t e  o f  13567
-  116 c o u n ts  min m mol so a s o l i d  coun t r a t e  o f  11538
+ — +
-  107 c o u n ts  min c o rre s p o n d s  t o  an up take  o f  0 .850  -  0 .007
18
m mol o f  AsF^ F. The average up take  observed  i n  t h e  f o u r
+ -18 
e x p e r im e n ts  was 0 .857  -  0 .020  m mol o f  AsF^ F .
T re a tm e n t  o f  th e  a c t i v a t e d  CsF w i t h  AsF^ p r i o r  t o  r e a c t io n  
18
w i t h  AsF^ F has v e ry  l i t t l e  e f f e c t  on th e  r e s u l t  o b ta in e d .
There  i s  s t i l l  a r a p id  r i s e  i n  s o l i d  coun t r a t e  and th e
e q u i l i b r i u m  l e v e l  i s  reached  a f t e r  10 m in u te s .  The o n ly
d i f f e r e n c e  obse rved  i s  t h a t  th e  e q u i l i b r i u m  coun t r a t e
+
c o r re s p o n d s  t o  an up take  o f  0 .777 -  0.011 m mol o f  
AsF^ F compared t o  0 .857  -  0 .020  m mol f o r  a c t i v a t e d  CsF 
w h ich  had n o t  been p r e t r e a te d  w i t h  AsF^. F ig u re  4 .31  shows 
a p l o t  o f  s o l i d  coun t r a t e  ve rs u s  t im e  f o r  t h i s  r e a c t i o n .
18D u r in g  th e  r e a c t io n s  o f  AsF^ F and a c t i v a t e d  CsF th e  
r e a c t io n  v e s s e l  became v e r y  ho t and some s i n t e r i n g  o f  th e  
CsF was ob se rve d .
4 .9  DISCUSSION OF AsF, RESULTS  5----------------
18
The r e a c t io n  o f  AsF^ F w i t h  bo th  a c t i v a t e d  and non a c t i v a t e d
18
CsF r e s u l t s  i n  th e  up take  o f  gas w i t h  no F exchange observed  
i n  e i t h e r  case . S im i la J y to  th e  r e a c t i o n  o f  BF^^'^F w i t h  CsF 
t h e r e  a re  th r e e  d i f f e r e n t  s p e c ie s  w h ich  c o u ld  be p re s e n t  on th e
Fi gure  4 31
Reaction of  Asf^F with act ivated CsF pr e t r ea t ed  with As F̂  
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s u r fa c e  o f  th e  CsF, 1] an adsorbed m o le c u le  o f  AsF^, 2)  th e
AsFg a n ion  o r  3] t h e  As^F^^ a n io n .  The AsF^ a n ion  has been
110w e l l  c h a r a c te r i s e d  s p e c t r o s c o p i c a l l y  and many s a l t s  
111
are  known . The As^F^^ an ion  has been i d e n t i f i e d  in
112
s o l u t i o n  and i s o l a t e d  as th e  te t ra e th y la m m o n iu m  and t e t r a -
113
buty lammonium s a l t s .  Both  s a l t s  lo s e  AsF^ a t  te m p e ra tu re s
above G°C. The r e le a s e  o f  AsF^ i s  r e v e r s i b l e  and f i n e l y
powdered s o l i d  Et^NAsF^ s lo w ly  absorbs  gaseous AsF^. No
r e a c t i o n  has been obse rved  between caesium h e x a f lu o ro a r s e n a te
113
and a r s e n ic  p e n t a f l u o r i d e . F ig u re s  4 .32  and 4 .3 3  show 
th e  s t r u c t u r e s  o f  th e  AsF^ and As^F^^ a n io n s .
\ F F
F ̂ f ^ F  F - 5 L — F — î>As— F
F “ I ^F l^FF F
F ig u re  4 .3 2  F ig u re  4 .3 3
The i n f r a  re d  spec trum  o f  th e  CsF a f t e r  r e a c t i o n  w i t h
AsF^^^F i s  shown i n  t a b l e  4 .2 1 ,  t o g e th e r  w i t h  th e  l i t e r a t u r e
v a lu e s  f o r  AsF^ gas, CsAsF^ and E t^N As^F^^. A l th o u g h  th e
i n f r a  re d  spec trum  o f  th e  CsF o n ly  shows one band i t  i s
re a s o n a b le  t o  assume t h a t  CsAsF„ has been fo rm ed . Theb
band a t  700 cm i s  sharp  and does no t  show any f i n e
—
s t r u c t u r e  and th e r e  i s  no band i n  th e  500 cm re g io n  
w h ich  r u le s  o u t  th e  p o s s i b i l i t y  o f  th e  As^F^^ a n io n .
The absence o f  any o t h e r  bands r u le s  ou t th e  p o s s i b i l i t y  
o f  th e  s u r fa c e  s p e c ie s  b e in g  adsorbed m o le c u le s  o f  AsF^.
TABLE 4.21
INFRA RED SPECTRUM OF CsF AFTER REACTION WITH AsF^^^^F
110 114 113
CsF CsAsFg AsF^ Et^NAs^F^^
800 v^E
785 v^A^ 770-650 s b r
700 s Vg 699 s VgFiu
128 v^E
500 ms





1BThe ratio of the amount of AsF^ F uptake by non activated
CsF t o  th e  amount o f  up take  by a c t i v a t e d  CsF i s  1 :1 .7 2 .
The r a t i o  o f  s u r fa c e  a reas  i s  1 :1 0 ,  so th e  u p take  o f  
18
AsF^ F by a c t i v a t e d  CsF i s  much lo w e r  th a n  e xp e c te d .
T h is  i s  due t o  th e  h ig h  degree o f  s i n t e r i n g  w h ich  o cc u rs  
d u r in g  th e  r e a c t i o n  w h ich  i s  h ig h ly  e x o th e rm ic .  The 
s i n t e r i n g  w i l l  reduce th e  a v a i l a b le  s u r fa c e  a rea  and 
hence up take  o f  gas.
18 '
The up take  o f  AsF^ F by non a c t i v a t e d  CsF can be p re v e n te d
by t r e a tm e n t  o f  th e  CsF w i t h  non r a d io a c t i v e  AsF^. T h is
shows t h a t  a d s o r p t io n  o f  AsF^ by CsF i s  l i m i t e d  t o  a s e t
number o f  d i s t i n c t  s i t e s  wh ich  a re  q u i c k l y  f i l l e d .  T r e a t in g
a c t i v a t e d  CsF i n  a s i m i l a r  way r e s u l t s  i n  a s l i g h t l y
18
reduced  up take  o f  AsF^ F . A p o s s ib le  e x p la n a t io n  i s  t h a t  
t h e  heat g iv e n  o u t  d u r in g  th e  r e a c t io n  causes some o f  
th e  la r g e  g ra n u le s  fo rm ed by s i n t e r i n g  d u r in g  th e  o r i g i n a l  
r e a c t i o n  t o  b re a k  open and th u s  r e v e a l  a new s u r fa c e  f o r  
a d s o r p t io n  o f  gas .
4 .1 0  RESULTS OF REACTION OF C0_ WITH ACTIVATED CsF
The r e a c t i o n  o f  CO^ w i t h  a c t i v a t e d  CsF was s tu d ie d  u s in g  
14 C l a b e l l e d  CO , by c o n v e n t io n a l  m anom etr ic  means, and 
2
by i n f r a  red  s p e c t ro s c o p y .
14The r e a c t i o n  between CG^ and a c t i v a t e d  CsF was s tu d ie d  
a t  n in e  d i f f e r e n t  p re s s u re s  between 25 and 300 T o r r .
-117-
14
As C i s  a s o f t  p e m i t t e r  o n ly  s u r fa c e  a c t i v i t i e s  c o u ld
be measured d i r e c t l y .  A measure o f  th e  b u lk  r e a c t i o n  was
o b ta in e d  f ro m  th e  d rop  i n  gas phase c o u n ts  w i t h i n  th e
c lo s e d  r e a c t io n  sys tem . Each r e a c t i o n  was f o l lo w e d  f o r
14
1 h o u r .  A f t e r  1 hou r  th e  CQ^ was removed f ro m  th e
c o u n t in g  v e s s e l  and th e  a c t i v i t y  on th e  s o l i d  i n  th e
absence o f  gas was measured. F ig u re s  4 .3 4 ,  4 .3 5  and
4 .3 6  a re  p l o t s  o f  s o l i d  a c t i v i t y  ve rs u s  t im e  a t  i n i t i a l  
14CG^ p re s s u re s  o f  25, 150 and 300 T o r r .  These f i g u r e s
14
show t h a t  t h e  r e a c t io n  between CG^ and CsF i s  com p le te
w i t h i n  th e  p e r io d  b e fo re  th e  f i r s t  coun t i s  ta k e n .  The
s u r fa c e  coun t r a t e  i s  in d e pe nden t o f  i n i t i a l  p re s s u re  as
14
shown i n  f i g u r e  4 .3 7 .  A t a l l  CG^ p re s s u re s  s tu d ie d  a
+
c o n s ta n t  s u r fa c e  co u n t  r a t e  o f  50 .12  -  5 .2  was o b ta in e d .
14 +
The CG^ used had a s p e c i f i c  coun t r a t e  o f  3325 -  15
-1 -1c o u n ts  s m mol so t h i s  s u r fa c e  courut r a t e  i s  e q u iv a le n t
14 14
t o  an up take  o f  0 .015  m mol o f  CG^. When th e  CG^ " i s
removed f ro m  th e  c o u n t in g  v e s s e l  th e  s u r fa c e  coun t r a t e
+  — 
d rops  s h a r p ly  t o  8 .58  - 2 . 2  co u n ts  s
There seems t o  be no c o r r e l a t i o n  between s o l i d  coun t r a t e
14r e t a in e d  a f t e r  rem ova l o f  th e  CO^ a n d ' i n i t i a l  p re s s u re
o f  ^^CG^" T h is  i s  i l l u s t r a t e d
by f i g u r e  4 .3 8  w h ich  i s  a p l o t  o f  s o l i d  coun t r a t e  i n  th e
14absence o f  gas ve rs u s  i n i t i a l  CG^ p re s s u re .
A l th o u g h  th e  amount o f  CG^ adsorbed on th e  s u r fa c e  o f  th e
CsF i s  in d e p e n d a n t  o f  i n i t i a l  p re s s u re ,  th e  t o t a l  up take  
14o f  CG^ c a lc u la t e d  f ro m  th e  f a l l  i n  gas phase c o u n ts  i s
Figure 4 34
ILReact ion of CO  ̂ wi t h  act ivated CsF
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I n i t i a l  pressure  Tor r
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dependant on i n i t i a l  p re s s u re .  In  th e  range o f  p re s s u re s  
s tu d ie d  th e  maximum up take  o f  0 .108  m mol o f  CO^ o c c u r re d  
a t  300 T o r r  t h e  h ig h e s t  p re s s u re  s tu d ie d .  F ig u re  4 .3 9  i s  
a p l o t  o f  t o t a l  up take  o f  CO^ v e rs u s  i n i t i a l  CG^ p re s s u re ,  
The r e s u l t s  a re  summarised i n  t a b l e  4 .2 2 .
14The e x p e r im e n ts  c a r r i e d  ou t w i t h  CG^ in d i c a t e d  t h a t  th e  
b u lk  up take  o f  CG^ by a c t i v a t e d  CsF i s  p re s s u re  dependant, 
W ith  t h i s  i n  mind th e  m anom etr ic  s t u d ie s  were c a r r i e d  ou t  
u s in g  an i n i t i a l  p re s s u re  o f  300 T o r r ,  th e  maximum 
p o s s ib le  i n  t h i s  sys tem .
Two e x p e r im e n ts  were c a r r i e d  ou t  u s in g  0 .50g  o f  a c t i v a t e d
CsF. R e d u c t io n s  i n  CG^ p re s s u re  o f  10.91 T o r r  and 12.12
T o r r  were o b se rve d .  As th e  volume o f  th e  system i s  156.689 cm
+
th e s e  p re s s u re  d rops  a re  e q u iv a le n t  t o  gas up takes  o f  0 .099  -  
0 .020  and 0 .110  -  0 .020  m m ol. I n f r a  re d  e x a m in a t io n  o f  th e  
s o l i d  a f t e r  r e a c t io n  d id  no t r e v e a l  any bands i n  a d d i t i o n  
t o  th o s e  due t o  a c t i v a t e d  CsF. In  v iew  o f  t h i s  i t  was 
d e c id e d  t o  c a r r y  o u t  th e  e x p e r im e n t  i n  t h e  pres&nce o f  MeCN 
i n  an a t te m p t  t o  re p ro d u ce  th e  r e s u l t s  o f  M a r t in e a u  and 
M i ln e .
A r e a c t i o n  v e s s e l  c o n ta in in g  a c t i v a t e d  CsF [3 .0  m m o l ) ,  CG^ 
(1 0 .0  m m ol) and MeCN (10 m l)  t o g e th e r  w i t h  s i x  b a l l  
b e a r in g s  was shaken f o r  12 hours b e fo re  rem ova l o f  th e  s o lv e n t .  
The w h i te  p ro d u c t  o b ta in e d  was ground  i n  an aga te  m o r ta r  and 
p e s t le  and i t s  i n f r a  red  spec trum  re c o rd e d  as a N u jo l  m u l l
3
F i g u r e  4-3 9
React i on o f " t  O2  wi t h  a c t i v a t e d  CsF
Bulk u p t a k e  of CO^ vs i n i t i a l  p r e s s u r e
lO
w
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TABLE 4.22
14
SUMMARY OF RESULTS OF 00^ + CsF REACTIONS
- 'I
m mol Cm mol CsF)
T o t a l  up take  o f  00^ 0 .033
S u r fa c e  up take  o f  00^ 0.0045
Amount r e t a in e d  by CsF 0.00078
Figure 4 40
React ion of CO^ wi th a c t i v a t e d  CsF in MeCN
I n f r a r e d  spect rum of  r e a c t i o n  product
3.0002500
Fi gurç  4-40 cont inued
9ooI A O O loooI i | 0 0
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between AgCl p la t e s  (F ig u re  4 . 4 0 ] .  The d e t a i l s  o f  th e  
5pecfrum
i n f r a  r e d /o b ta in e d  a re  l i s t e d  i n  t a b l e  4 '.23, t o g e t h e r  w i t h
th e  i n f r a  re d  spec trum  o f  th e  p ro d u c t  o b ta in e d  by M a r t in e a u
30
and M i ln e  i n  1971.
4 .11  DISCUSSION OF CO^ RESULTS
S ince  M a r t in e a u  and M i l n e ’ s c la im  t o  have p re p a re d  Cs^CO^F^^
th e r e  have been s e v e r a l  u n s u c c e s s fu l  a t te m p ts  t o  re p ro d u c e
31
t h e i r  r e s u l t s .  I n  1979 L a w lo r  and Passmore r e p o r te d  no
r e a c t i o n  between CsF and CO a t  p re s s u re s  up t o  110 atm.
2
They a ls o  r e p o r te d  t h a t  CO^ would  no t r e a c t  w i t h  Et^NF 
u n le s s  w a te r  was p r e s e n t .  On th e  b a s is  o f  th e s e  r e s u l t s  
th e y  p roposed  t h a t  M a r t in e a u  and M i ln e  had o b ta in e d  th e  
i n f r a  re d  spec trum  o f  a h y d r o l y s i s  p ro d u c t  r a t h e r  th a n  o f
th e  r e p o r te d  Cs^CO^F^. F u r t h e r  e v id e n ce  f o r  t h i s  v ie w
32 115was p ro v id e d  by S J O avid  and B S A u l t  who re p o r te d
2 -
m a t r i x  i s o l a t i o n  s tu d ie s  o f  th e  ^ ^ 2^2 ^ ^ 2^ a n io n s .
None o f  th e  i n f r a  re d  bands observed i n  th e s e  s tu d ie s  c o r re s p o n d  
t o  any o f  th o s e  observed  by M a r t in e a u  and M i ln e  [T a b le  4 . 2 4 ] .
In  v ie w  o f  t h i s  O avid  and A u l t  a ls o  suggested  t h a t  M a r t in e a u  
and M i ln e  had o b ta in e d  th e  i n f r a  re d  spec trum  o f  a h y d r o l y s i s  
p r o d u c t .
The i n f r a  red  spec trum  o f  th e  s o l i d  p re p a re d  i n  t h i s  work
c o n ta in s  a l l  th e  bands observed by M a r t in e a u  and M i ln e ,
t o g e t h e r  w i t h  s e v e r a l  o th e r  bands [T a b le  4 . 2 3 ] .  Comparison
2 -
o f  t h i s  spec trum  w i t h  th o s e  o f  CO^ , HCO^ and HF^, th e
TABLE 4.23
REACTION OF CsF AND CD^ IN MeCN 
INFRA RED SPECTRUM OF REACTION PRODUCT
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TABLE 4.24
COMPARISON OF INFRA RED SPECTRA
A u l t
CO^F-
115 32A u l t  and David M a r t in e a u  and M i ln e
30
1749 v ^ ,
C-P s t r
1316 Vg, A^ 
C-0 s t r
883 v ^ ,  A^ 
C-F s t r
1382 C-0 s t r
930 C-F s t r
700 C-F d i f
612 C-F d e f
1008 )
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l i K e l y  h y d r o l y s i s  p ro d u c ts ,  shows t h a t  CS2CO2F2 has 
d e f i n i t e l y  n o t  been fo rm e d ,  as a l l  o f  t h e  obse rved  bands 
can be a s s ig n e d  t o  one o f  t h r e e  h y d r o l y s i s  p ro d u c ts  
[T a b le  4 .2 5 3 .
A l th o u g h  M a r t in e a u  and M i ln e  c la im  t h a t  t h e  c h a r a c t e r i s t i c  
2 -bands f o r  CO ^ and HCO^ do n o t  appea r i n  t h e i r  spectrum,^ 
th e  f i v e  bands obse rved  c o u ld  q u i t e  re a s o n a b ly  be a ss ig n e d  t o  
th e s e  io n s  as shown i n  t a b l e  4 .2 5 .
TABLE 4.25
INFRA RED SPECTRUM OF REACTION PRODUCT 
COMPARISON WITH SPECTRA OF HYDROLYSIS PRODUCTS
THIS WORK Na HF^ CS2CD3 KHCOg
2720 2755 Vg + 2v^
2020 2100 Vg +
1640 1648 ] V
1625 1628 ] C-0 s t r
1461 Vg, B^
1365 1368 Vg
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I n  a d d i t i o n  t o  t h e i r  i n f r a  re d  e v id e n c e .  M a r t in e a u  and 
M i ln e  s u p p o r te d  t h e i r  c la im  w i t h  caesium and f l u o r i n e  
a n a ly s e s  and by com parison  o f  th e  x - r a y  powder p h o to g ra p h  
o f  t h e i r  p ro d u c t  w i t h  t h a t  o f  Es^BeF^.. However, th e s e  
r e s u l t s  a re  no t  c o n c lu s iv e  s in c e  Cs^CG^ w ou ld  a ls o  g iv e  
a s i m i l a r  x - r a y  powder p a t t e r n  t o  Cs^eF^ and a m ix  o f  Cs^CG^ 
pnd HF wou ld  g iv e  s i m i l a r  a n a l y t i c a l  r e s u l t s  t o  Cs^CG^F^ as 
shown be low :
^^2 ^^2 ^2  ^Gquires Cs 76.42% F 10.92%
^^ 2 ^^ 3  r e q u i r e s  Cs 72.67% F 10.38%
The r e s u l t s  o b ta in e d  i n  t h i s  work t h e r e f o r e  show t h a t  
M a r t in e a u  and M i ln e  d id  n o t  p re p a re  Cs^CG^F^. They 
r e p o r te d  th e  i n f r a  re d  spec trum  o f  a h y d r o l y s i s  p ro d u c t  
r a t h e r  th a n  Cs^CO^F^.
In  a d d i t i o n  t o  th e  r e s u l t s  p r e v io u s l y  d is c u s s e d  M a r t in e a u  and
M i ln e  a ls o  r e p o r te d  t h a t  d r y  CsF shows no te n d e n c y  t o
adsorb  ca rbon  d io x id e .  The r e s u l t s  o f  s tu d ie s  u s in g  
14CG^ and c o n s ta n t  volume manometer measurements show
t h i s  o b s e rv a t io n  t o  be f a l s e .  Caesium f l u o r i d e  w i l l  adso rb
CG^ a t  room te m p e ra tu re  i f  th e  caesium f l u o r i d e  i s
a c t i v a t e d  by t r e a tm e n t  w i t h  h e x a f lu o ro a c e to n e  b e fo re
use. The amounts in v o lv e d  a re  v e ry  s m a l l ,  0.033m mol
o f  CG^ adsorbed p e r  m mol o f  CsF, d e te rm in e d  f ro m  b o th  
14
CG^ and m anom etr ic  measurements. The amount o f  CG^ 
in v o lv e d  i n  th e  r e a c t io n  i s  to o  s m a l l  t o  be d e te c te d  by 
i n f r a  re d  s p e c t ro s c o p y  and can o n ly  be d e te c te d  by
-122-
v e ry  a c c u ra te  m anom etr ic  work o r  by r a d i o t r a c e r  
t e c h n iq u e s .  T h is  may e x p la in  why M a r t in e a u  and M i ln e  
d id  n o t  obse rve  any up take  o f  CO^ a t  room te m p e ra tu re .  
They a ls o  do n o t  g iv e  any i n d i c a t i o n  o f  how th e  CsF 
was t r e a t e d  b e fo re  r e a c t i o n .  The f a c t  t h a t  t h e r e  have 
been s e v e ra l  u n s u c c e s s fu l  a t te m p ts  t o  re p ro d u c e  M a r t in e a u  
and M i l n e ' s  work sugges ts  t h a t  th e  method o f  CsF 
p r e t r e a tm e n t  i s  c r i t i c a l .  None o f  th e  o th e r  a t te m p ts  
have used h e x a f lu o ro a c e to n e  p re t r e a tm e n t  w i t h  h e a t in g  
b e in g  th e  most common t r e a tm e n t .  In  t h i s  work th e  use 
o f  h e x a f lu o ro a c e to n e  t r e a t e d  CsF r e s u l t e d  i n  th e  
r e p r o d u c t io n  o f  M a r t in e a u  and M i ln e s  r e s u l t s  a t  th e  
f i r s t  a t t e m p t .
14
The use o f  CO^ a l lo w s  b u lk  and s u r fa c e  r e a c t io n s  t o  be
d i f f e r e n t i a t e d .  The r e s u l t s  o b ta in e d  show t h a t  s u r fa c e
a d s o r p t io n  a c co u n ts  f o r  o n ly  a s m a l l  p r o p o r t i o n  o f  th e
t o t a l  gas u p ta k e .  The amount o f  s u r fa c e  a d s o r p t io n
i s  in d e p e n d a n t  o f  i n i t i a l  p re s s u re  o v e r  th e  range o f
p re s s u re s  s tu d ie d  b u t  th e  a d s o rp t io n  i s  n o t  pe rm anen t.
14I f  th e  CO^ i s  removed f ro m  th e  c o u n t in g  v e s s e l
83% o f  th e  s u r fa c e  a c t i v i t y  i s  a ls o  removed. T h is
su g g e s ts  t h a t  t h e r e  a re  two d i s t i n c t  adsorbed s p e c ie s
p re s e n t  on th e  s u r fa c e  o f  th e  CsF, one w h ich  i s
w eak ly  adsorbed and can be removed by pumping and one
w h ich  i s  p e rm a n e n t ly  adsorbed . The p e rm a n e n t ly  adsorbed
2 -
s p e c ie s  i s  most l i k e l y  t o  be CO^F r a t h e r  th a n  CO2F2
123-
s in c e  D av id  and A u l t  have shown t h a t  th e  CO^F^ a n ion
32has l i m i t e d  s t a b i l i t y  even a t  low  te m p e ra tu re s .  I f  
CG^F i s  assumed t o  be th e  p e rm a n e n t ly  adsorbed s p e c ie s ,  
t h e  w e a k ly  adsorbed s p e c ie s  i s  most l i k e l y  t o  be a w eak ly  
adsorbed m o le c u le  o f  CG^.
4 .1 2  CGMPARISGN GF RESULTS
B o th  a c t i v a t e d  and non a c t i v a t e d  CsF r e a c t  r e a d i l y  a t  
room te m p e ra tu re  w i t h  th e  Lew is  a c id s  s t u d ie d .  E xp e r im e n ts  
u s in g  two d i f f e r e n t  is o to p e s  have shown t h a t  th e  r e a c t io n  
o c c u rs  b o th  i n  th e  b u lk  o f  th e  s o l i d  and on i t s  s u r fa c e .
Two d i s t i n c t  s p e c ie s ,  one p e rm a n e n t ly  adsorbed and 
one w e a k ly  adso rbed , have been i d e n t i f i e d  on th e  s u r fa c e  
o f  th e  CsF d u r in g  r e a c t io n s  w i t h  CC^, F^CG and SF^.
S u r fa c e  s p e c ie s  c o u ld  n o t  be i d e n t i f i e d  i n  th e  r e a c t io n s  
o f  AsF^ and BF^ w i t h  CsF due t o  th e  la c k  o f  s u i t a b l e  
r a d i o i s o t o p e s .
In  th e  r e a c t io n s  i n v o l v i n g  AsF^, BF^ and SF^, up take  o f
18
gas o c cu rs  b u t  t h e r e  i s  no m easurab le  F exchange.
F exchange between BF^ and CsBF^ i s  obse rved  i n  th e  
p resence  o f  a s o lv e n t .
^^F exchange between SF^^^F and caesium f l u o r i d e  a t  150°C 
and 50°C was r e p o r te d  by F ra s e r  and cow o rke rs  i n  1972^^
-124-
who quo ted  f r a c t i o n s  exchanged o f  0 .2  a t  15G°C and 0 .018  
a t  50°C. In  t h i s  s tu d y  th e r e  i s  no m en t ion  o f  any o f  th e
18
SF^ F b e in g  r e t a in e d  by th e  CsF
A l a t e r  s tu d y  o f  t h i s  system by th e  same w o rk e rs  p u b l is h e d  
118
in  1978 r e p o r te d  f  v a lu e s  o f  >  1 i f  th e  CsF was 
re g ro u n d  between each c y c le  o f  th e  p r e t r e a tm e n t  p ro c e s s .
In  t h i s  s tu d y  i t  was suggested  t h a t  a s m a l l  q u a n t i t i y  o f  
SF^ may be r e t a in e d  on th e  CsF s u r fa c e .  T h is  t o g e t h e r  
w i t h  th e  r e s u l t s  r e p o r te d  i n  t h i s  t h e s i s  c a s t  doubt 
upon th e  o r i g i n a l  r e s u l t s  o f  F ra s e r  and c o w o rk e rs .
No ^^F exchange was observed  between Cs^^F and SF^ a t  
50°C ( s e c t io n  2 .1 0 .2 3 .  S tu d ie s  u s in g  ^^SF^ and i n f r a  
red  s p e c t ro s c o p y  show t h a t  SF^ i s  p e rm a n e n t ly  adsorbed 
by th e  CsF. T h is  means t h a t  th e  f r a c t i o n  exchanged o f  
0 .018  a t  50°C quo ted  by F ra s e r  and co w o rke rs^ ^  i s  
w rong. The a c t i v i t y  observed  in  th e  CsF must have been 
due t o  up take  o f  SF^^^F and no t  ^^F exchange. The v a lu e  
quo ted  f o r  150°C i s  a ls o  an o v e r  e s t im a te  as a g a in  no 
a l lo w a n c e  has been made f o r  up take  o f  gas.
35
S tu d ie s  c a r r i e d  o u t  u s in g  SF^ show t h a t  t h e r e  a re  two
d i s t i n c t  s p e c ie s  p re s e n t  on th e  s u r fa c e  o f  th e  CsF d u r in g
th e  r e a c t i o n .  A p e rm a n e n t ly  adsorbed s p e c ie s  w h ich  i s
presumed t o  be SF^ and th e  m a jo r  s u r fa c e  s p e c ie s  w h ich
i s  w e a k ly  adsorbed SF . T h is  c o n f i rm s  th e  f i n d i n g s  o f
4
59
K o l ta  and cow orke rs  in  1982 who proposed a w e a k ly
-125-
adsorbed  s t a t e  o f  SF^ as th e  a c t i v e  s p e c ie s  i n  t h e  CsF 
c a ta ly s e d  c h l o r o f l u o r i n a t i o n  o f  SF^.
In  th e  r e a c t io n  o f  "^^F FCO w i t h  a c t i v a t e d  CsF b o th  ^^F
exchange and up take  o f  gas a re  o b se rve d .  T h is  r e a c t i o n
79 18was s tu d ie d  by F r a s e r  and cow o rke rs  i n  1973 . F
exchange was observed  a t  15°C, 50°C and 150°C bu t as 
18
i n  th e  case o f  SF^ F and CsF no a l lo w a n c e  was made f o r  th e  
up take  o f  F^CO by CsF. The f r a c t i o n  exchanged a t  15°C 
(0 .0 1 3 )  i s  much lo w e r  th a n  t h a t  observed  i n  t h i s  work 
( s e c t io n  4 . 4 ) .  T h is  d i f f e r e n c e  i s  due t o  th e  d i f f e r e n t  
t e c h n iq u e s  used t o  a c t i v a t e  th e  CsF b e fo re  use. F ra s e r  
and cow o rke rs  a c t i v a t e d  t h e i r  CsF by th r e e  c y c le s  o f  
pumping and h e a t in g  i n  vacus a t  150°C f o r  3 h o u rs .
The work r e p o r te d  i n  t h i s  t h e s i s  used CsF a c t i v a t e d  by 
t r e a tm e n t  w i t h  (CF^j^CO as d e s c r ib e d  i n  c h a p te r  3.
I n  a l l  cases e xc e p t  w i t h  CG^ th e  b u lk  r e a c t i o n  r e s u l t s
i n  t h e  f o r m a t io n  o f  th e  an ion  o f  th e  Lew is a c id .  The
r e a c t i o n  o f  BF^ w i t h  a c t i v a t e d  CsF r e s u l t s  i n  co m p le te
c o n v e rs io n  o f  th e  CsF t o  CsBF^. AsF^ r e a c ts  w i t h
a c t i v a t e d  CsF t o  p roduce  30% CsAsFg. The r e s u l t s  o f
work i n v o l v i n g  re p e a te d  a d d i t i o n  o f  AsF t o  t h e  same
' 5
sample o f  CsF sugges t t h a t  com p le te  c o n v e rs io n  t o  CsAsFg 
i s  p o s s ib le  i f  th e  s o l i d  i s  g round between each a d d i t i o n  
o f  gas.
The r e s u l t s  r e p o r te d  i n  t h i s  c h a p te r  sugges t t h a t  
h e x a f lu o ro a c e to n e  a c t i v a t e d  CsF w ould  be a u s e fu l
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s y n t h e t i c  re a g e n t .  CsAsF_, CsBF., CsOCF^ and CsSF^
□ 4 3  5
a re  a l l  fo rm ed a t  room te m p e ra tu re .  CsBF. and CsAsFg
4 6
a re  n o rm a l ly  p re p a re d  by d i s s o l v i n g  CsF o r  CsHF^ i n  
aqueous HF and p a s s in g  AsF^ o r  BF^ th ro u g h  th e  s o lu t i o n  
u n t i l  no f u r t h e r  p r e c i p i t a t e  i s  fo rm e d .  The p r e p a r a t io n  
o f  CsGCFg fro m  non a c t i v a t e d  CsF r e q u i r e s  a s o lv e n t  such 
as MeCN and th e  p r e p a r a t io n  o f  CsSF^ n o rm a l ly  r e q u i r e s  
a h ig h  te m p e ra tu re .  The use o f  a c t i v a t e d  caes ium  f l u o r i d e  
w ou ld  mean t h a t  th e s e  s a l t s  c o u ld  be p re p a re d  a t  room 
te m p e ra tu re  d i r e c t l y  f ro m  a g a s / s o l i d  r e a c t i o n  w i t h o u t  
th e  need f o r  any s o lv e n t s .
In  th e  r e a c t i o n  o f  CG^ w i t h  a c t i v a t e d  CsF th e  amount o f  
gas adsorbed d u r in g  th e  r e a c t i o n  i s  to o  s m a l l  t o  be d e te c te d  
by i n f r a  re d  s p e c t ro s c o p y  u n le s s  th e  r e a c t io n  i s  c a r r i e d  
o u t  i n  t h e  p resence  o f  a s o lv e n t .  I f  t h e  r e a c t i o n  i s  
c a r r i e d  o u t  i n  MeCN th e  i n f r a  red  spec trum  o f  th e  p ro d u c t  
i n d i c a t e s  v a r io u s  h y d r o l y s i s  p ro d u c ts  r a t h e r  th a n  th e  
expec ted  CsCGF^ o r  Cs^CG^F^.
A l l  o f  th e  r e a c t io n s  s tu d ie d  a re  in depe nden t o f  i n i t i a l  
gas p re s s u re  e xc e p t  th o s e  o f  CO^ and F^CG w i t h  a c t i v a t e d  
CsF. The r e a c t i o n  o f  CO^ w i t h  a c t i v a t e d  CsF shows a 
s l i g h t  dépendance on i n i t i a l  gas p re s s u re  whereas th e  
up take  o f  gas i n  th e  r e a c t io n  o f  F^CG w i t h  CsF i s  
d i r e c t l y  r e l a t e d  t o  th e  i n i t i a l  gas p re s s u re .  In  th e  
r e a c t io n  o f  F^CG w i t h  CsF th e r e  i s  more th a n  one ty p e  o f  
adsorbed s p e c ie s  p re s e n t  i n  b o th  th e  b u lk  o f  th e  s o l i d  
and on i t s  s u r fa c e .
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I n  a l l  th e  systems s tu d ie d  s u r fa c e  coverage  i s  in d e p e n d a n t  
o f  i n i t i a l  p re s s u re  a t  a l l  p re s s u re s  g r e a t e r  th a n  20 T o r r  
and th e  amount adsorbed on th e  s u r fa c e  i s  th e  same, 
w i t h i n  e x p e r im e n ta l  e r r o r ,  i n  each case . The number o f  
m o le c u le s  o f  gas adsorbed on th e  s u r fa c e  i s  o f  th e  same 
o r d e r  o f  m agn itude  as th e  e s t im a te d  number o f  s u r fa c e  
F io n s .  T h is  sugges ts  t h a t  a d s o rp t io n  o cc u rs  a t  F 
s i t e s .  However, due t o  th e  many assum pt ions  w h ich  have 
t o  be made i n  e s t im a t in g  th e  number o f  s u r fa c e  F io n s ,  
th e  p o s s i b i l i t y  o f  a d s o r p t io n  a t  o t h e r  s i t e s  o r  o f  
m u l t i l a y e r  a d s o r p t io n  canno t be r u le d  o u t .
F ig u re  4 .41  shows a p l o t  o f  up take  o f  gas ve rsu s  t im e  
f o r  th e  r e a c t i o n  o f  each o f  th e  Lew is a c id s  s tu d ie d  w i t h  
non a c t i v a t e d  caes ium  f l u o r i d e .  F ig u re  4 .4 2  shows a 
s i m i l a r  p l o t  f o r  th e  r e a c t io n s  w i t h  a c t i v a t e d  caesium 
f l u o r i d e .  The amount o f  up take  o f  gas by non a c t i v a t e d  
CsF i s  r e la t e d  t o  th e  Lew is  a c i d i t y  o f  th e  gas, t h a t  i s  
th e  s t r o n g e r  th e  Lew is a c id ,  th e  g r e a t e r  th e  u p ta k e .
The f l u o r i d e  io n  a f f i n i t i e s  o f  th e  v a r io u s  a c id s  used 
a re  l i s t e d  i n  t a b l e  4 .2 6 .
The o r d e r  o f  up take  o f  gas by a c t i v a t e d  CsF i s  n o t  so 
e a s i l y  e x p la in e d .  A l th o u g h  AsF^ i s  a s t r o n g e r  Lew is  
a c id  th a n  BF^, i t  r e a c t s  t o  a le s s e r  e x t e n t .  T h is  may 
be due t o  t h e  s i n t e r i n g  w h ich  o ccu rs  d u r in g  th e  r e a c t io n  
b u t  i t  c o u ld  a ls o  be due t o  th e  p o r o s i t y  o f  th e  
a c t i v a t e d  CsF.
Figure 4 -41
Upt ake  o f  Lewis ac i ds  by non a c t i v a t e d  CsF
00
V_J












TABLE 4.26 LIST OF FLUORIDE ION AFFINITIES
AGIO kJ mol ^ R ef
AsFcb -464  -  17 22
-385 -  25 22
CO2 -138 -  12 119
FgCO -146  -  12 119
" '4
-  192 17
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In chapter 3 it was suggested that pretreatment of CsF
w i t h  h e x a f lu o ro a c e to n e  produced a po rous  s o l i d .  The
r a t e  o f  r e a c t i o n  o f  a gas w i t h  a po rous  s o l i d  i s  g iv e n  
120
by e q u a t io n  4 .1 .
kv
r  = p  Cg 17 W e q u a t io n  4.1
where kv = r e a c t i o n  r a t e  c o n s ta n t  p e r  u n i t  volume 
o f  s o l i d ,  sec
- 5
Cg = gas phase c o n c e n t r a t io n  o f  a d s o rb e n t  g - , mol cm
Tf] = e f f e c t i v e n e s s  f a c t o r
p  = p a r t i c l e  d e n s i t y ,  gem
W = w e ig h t  o f  sam ple , g
The e f f e c t i v e n e s s  f a c t o r  17 re p r e s e n ts  th e  degree t o  w h ich  
r e a c t i o n  o cc u rs  w i t h i n  th e  i n t e r n a l  s t r u c t u r e  o f  a po rous  
s o l i d .  A v a lu e  o f  ^  = 1 i n d i c a t e s  t h a t  t h e  r e a c t i o n  
o c c u rs  e q u a l l y  th ro u g h o u t  th e  i n t e r n a l  po re  s t r u c t u r e .  
V a lues  o f  7} <^<< 1 i n d i c a t e  t h a t  th e  r e a c t i o n  o ccu rs  
on th e  o u ts id e  s u r fa c e  o f  i n d i v i d u a l  p a r t i c l e s ,  w i t h  th e  
i n t e r n a l  s t r u c t u r e  p la y in g  no p a r t  i n  th e  r e a c t io n  due 
t o  s t r o n g  po re  d i f f u s i o n  r e s is t a n c e s .
The e f f e c t i v e n e s s  f a c t o r  decreases  w i t h  in c r e a s in g  
p a r t i c l e  s i z e ,  in c r e a s in g  te m p e ra tu re  o r  r e a c t io n  r a t e ,  
d e c re a s in g  pore  s iz e  and degree o f  p ro d u c t  fo r m a t io n  
w i t h i n  th e  pore  s t r u c t u r e .
When th e  e f f e c t i v e n e s s  f a c t o r  i s  u n i t y  th e  r e a c t io n  r a te
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and t o t a l  a d s o r p t io n  c a p a c i t y  w i l l  be d i c t a t e d  by 
th e  c h e m ic a l  r e a c t i v i t y  o f  th e  r e a c t a n t s .  As th e  
e f f e c t i v e n e s s  f a c t o r  d e c re a se s ,  ch e m ic a l  r e a c t i v i t y  
becomes le s s  im p o r t a n t ,  and o th e r  v a r i a b le s  such as 
p a r t i c l e  s i z e ,  pore  s iz e  and r e a c ta n t  s t r u c t u r e  become 
im p o r t a n t .  T h e re fo re  when com paring  th e  r e s u l t s  o f  
a range o f  gases such as th o se  d is c u s s e d  i n  t h i s  
c h a p te r ,  i t  i s  n e ce s sa ry  t o  compare b o th  e f f e c t i v e n e s s  
f a c t o r s  and r e a c t i v i t y .
No a t te m p t  was made t o  measure p a r t i c l e  s iz e  o r  po re
volume i n  t h i s  w o rk .  But s in c e  a l l  th e  samples o f
a c t i v a t e d  CsF were t r e a t e d  i n  t h e  same way and have B .E .T
2 -1
s u r fa c e  a reas  w i t h i n  th e  range 2 .0 8 -3 .0 1  m g  i t  i s  
re a s o n a b le  t o  assume t h a t  t h e re  were no m a jo r  d i f f e r e n c e s  
i n  p a r t i c l e  s iz e  o r  po re  volume between sam ples.
The pore  volume o f  a porous s o l i d  i s  u s u a l l y  measured 
by m ercu ry  p o ro s im e t r y  w h ich  in v o lv e s  f o r c i n g  m ercu ry  
i n t o  th e  po res  unde r v e ry  h ig h  p re s s u re .  T h is  method 
canno t be r e a d i l y  a p p l ie d  t o  h y g ro s c o p ic  s o l i d s  and 
i t  i s  d e b a ta b le  w h e th e r  o r  n o t  th e  volume o f  m ercu ry  
f o r c e d  i n t o  th e  s o l i d  g iv e s  a t r u e  measure o f  th e  
po re  volume a v a i l a b le  f o r  a d s o r p t io n  o f  gas.
Assuming no m a jo r  d i f f e r e n c e s  i n  p a r t i c l e  s iz e  o r  pore  
volume between sam ples , th e  e f f e c t i v e n e s s  f a c t o r  o f  each 
gas w i l l  depend on i t s  shape. The Lew is a c id s  used are
OCX
A
Fi gure  4-43  
The s t r u c t u r e  of  AsF.
fAI
Figure 4 44 
The s t r u c t u r e  of  BF
laa.
o = c = o
Figure 4 4 5  
The st ructure  of CO
I A3
' ^ c = o
Figure 4 46 
The st ruct ure  of  F̂ CO
laq
Figure 4 47 
The s t r uc t ur e  of  SR
37
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drawn s c h e m a t ic a l l y  i n  f i g u r e s  4 .4 3  t o  4 .4 7 .  F ig u re  
4 .4 3  shows t h a t  AsF^ has a b u lk y  t r i g o n a l  b ip y ra m id  
s t r u c t u r e  w h ich  w i l l  o n ly  f i t  i n t o  l a r g e  p o re s .  So 
d e s p i te  th e  f a c t  t h a t  i t  i s  th e  s t r o n g e s t  Lew is  a c id ,  
com p le te  r e a c t io n  w i t h  CsF would n o t  be exp e c te d  on 
th e  f i r s t  a d m iss io n  o f  gas t o  th e  sample as AsF^ w i l l  
have a low  e f f e c t i v e n e s s  f a c t o r .  BF^ on th e  o th e r  
hand i s  a p la n a r  m o le c u le  w h ich  w i l l  f i t  i n t o  a w id e r  
range o f  po res  and so i t  w i l l  have a h ig h  e f f e c t i v e n e s s  
f a c t o r .  The h ig h  e f f e c t i v e n e s s  f a c t o r  t o g e t h e r  w i t h  
t h e  s t r o n g  Lew is  a c i d i t y  o f  BF^ sh o u ld  r e s u l t  i n  
com p le te  r e a c t i o n ,  as i s  observed e x p e r im e n ta l l y .
F^CO w i l l  have a h ig h  e f f e c t i v e n e s s  f a c t o r  b u t  due t o  
i t s  weak Lew is  a c i d i t y  up take  w i l l  be low . S i m i l a r l y  
f o r  SF^ w h ich  i s  a ls o  a weak Lew is  a c id  and w h ich  w i l l
have a lo w e r  e f f e c t i v e n e s s  f a c t o r  th a n  F CO.
2
From f i g u r e  4 .4 5 ,  CO^ w ou ld  be expec ted  t o  have an 
e f f e c t i v e n e s s  v a lu e  v e r y  c lo s e  t o  u n i t y .  The low 
l e v e l  o f  u p take  i n  t h i s  case i s  due t o  th e  f a c t  t h a t  
00^ i s  a v e ry  weak Lew is  a c id .
The o r d e r  o f  gas up take  can t h e r e f o r e  be r a t i o n a l i s e d  
i f  b o th  Lew is  a c i d i t y  and m o le c u la r  shape are  ta ke n  
i n t o  a c c o u n t ,  th u s  s u p p o r t in g  th e  v ie w  p roposed in  
c h a p te r  3 t h a t  a c t i v a t i o n  o f  CsF by [CF2 ^2^^  ̂ p roduces 
a po rous  s o l i d .
ooOoo
C H A I ^ X E R  E I V E
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CHAPTER 5
REACTIONS OF THE SOLIO LEWIS ACIOS A IF ^  AND NbF^ WITH SF^
--------------------------------------------------------------------------------------------------o  ----------- b  ----------4
INTRODUCTION ■ .
C h a p te r  4 d e a l t  w i t h  th e  r e a c t io n s  o f  gaseous Lew is  a c id s  w i t h
a s o l i d  Lew is  base. In  t h i s  c h a p te r  t h e  r e a c t io n s  o f  th e
s o l i d  Lew is  a c id s  A1F_ and NbF_ w i t h  th e  Lew is base SF. a re
j  b 4
d is c u s s e d .  The r e a c t io n s  were s tu d ie d  a t  room te m p e ra tu re
18 35
u s in g  b o th  F and S l a b e l l e d  SF^ w h ich  a l lo w e d  b u lk  and 
s u r fa c e  r e a c t io n s  t o  be d i f f e r e n t i a t e d .  The r e a c t io n  o f  A IF^  
w i t h  SF^ was a ls o  s tu d ie d  by c o n v e n t io n a l  m anom etr ic  methods.
5.1 EXPERIMENTAL 
18 35
SFg F and SF^ were p re p a re d  as d e s c r ib e d  i n  c h a p te r  
2 s e c t io n s  2 .1 0 .2  and 2 .1 0 .4 .  The r e a c t io n s  were f o l lo w e d  
u s in g  th e  te c h n iq u e s  and a p p a ra tu s  o u t l i n e d  i n  c h a p te r  4 
s e c t io n  4 .1  and d e s c r ib e d  i n  d e t a i l  i n  c h a p te r  2.
5 .2  RESULTS OF REACTION OF SF^ WITH A IF ^
The r e s u l t s  o f  two r e a c t io n s  between SF^^^F and A IF ^  a re  
summarised i n  t a b l e  5 .1 .  F ig u re  5.1 shows a p l o t  o f  
s u r fa c e  coun t r a t e  ve rs u s  t im e  f o r  e xp e r im e n t  1 i n  t a b le  
5 .1 .  There  i s  a r a p id  i n i t i a l  r i s e  i n  t t ie  s o l i d  coun t 
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It
React ion of SF^F wi th AIF-
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18
The s p e c i f i c  coun t r a t e  o f  th e  SF^ F b e fo re  r e a c t io n  was
+ ~'\ -1 
12328 -  111 co u n ts  min m mol î a f t e r  r e a c t i o n  i t  had
+ -1 
f a l l e n  t o  9274 -  98 c o u n ts  min m mol i n d i c a t i n g  t h a t
F exchange had ta k e n  p la c e .  The f r a c t i o n  exchanged
c a lc u la t e d  u s in g  e q u a t io n  2 .4  i s  0 .3 0 .  U s ing  e q u a t io n
2 .5  th e  f r a c t i o n  exchanged i s  a ls o  0 .3 0 .  The f a c t  t h a t
i d e n t i c a l  v a lu e s  a re  o b ta in e d  u s in g  th e s e  two d i f f e r e n t  e q u a t io n s
means t h a t  t h e r e  i s  no up take  o f  gas w i t h  th e  in c re a s e  in
18
s o l i d  coun t r a t e  due t o  F exchange a lo n e .  T h is  i s  c o n f i rm e d
by th e  i n f r a  re d  spec trum  o f  th e  A IF ^  a f t e r  r e a c t io n  wh ich
+ —
showed no s ig n  o f  e i t h e r  SF^ o r  A IF ^  io n s .  The f r a c t i o n  
exchanged i n  e x p e r im e n t  two was 0 .3 1 .
35
The r e a c t i o n  between SF^ and A IF ^  was s tu d ie d  a t  18
d i f f e r e n t  p re s s u re s  between 14 and 300 T o r r .  Each r e a c t io n
35
was m o n i to re d  f o r  1 hou r  b e fo re  rem ova l o f  th e  SF^.
F ig u re s  5 .2 ,  5 .3  and 5 .4  a re  p l o t s  o f  s o l i d  coun t r a t e
35
v e rs u s  t im e  a t  i n i t i a l  SF^ p re s s u re s  o f  24, 150 and 300
T o r r .  These show t h a t  th e  r e a c t io n  i s  com p le te  w i t h i n
th e  f i v e  m in u te s  b e fo re  th e  f i r s t  coun t i s  ta k e n .  The
l e v e l  o f  s u r fa c e  coun t r a t e  i s  dependant on th e  i n i t i a l  
35p re s s u re  o f  SF^ as shown by f i g u r e  5 .5 .  The maximum
+
coun t r a t e  c o r re s p o n d s  t o  a s u r fa c e  up take  o f  0 .22  -  0 .02  
35
m mol o f  SF^ fro m  an i n i t i a l  p re s s u re  o f  300 T o r r .
35
F o r  each p re s s u re  o f  SF^ s tu d ie d  th e  drop  i n  o v e r a l l  
gas phase c o u n ts  was e qua l t o  th e  g ro w th  i n  s o l i d  c o u n ts .
Figure 5 2
React ion of^^SF^ wi t f ]  AlF^
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Fi gur e  5 3
Re a c t i on  of^^SF^ wi t h  AlF^





















I n i t i a l  pressure =150 Torr
Figure 5*4
ss.Reaction of SF^withAlF^
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Figure 5 6
Reaction of SF^ with AIF^
Uptake of Sp  ̂ vs i n i t i a l  pressure
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35This shows that the reaction between SF^ and AIF^ is
l i m i t e d  t o  s u r fa c e  a d s o r p t io n  w i t h  no b u lk  a d s o r p t io n
35
o c c u r r in g  i n  c o n t r a s t  t o  th e  r e a c t i o n  between SF^ and 
a c t i v a t e d  CsF where b o th  s u r fa c e  a d s o r p t io n  and b u lk  
a d s o r p t io n  a re  ob se rv e d .
35
When th e  SF^ i s  removed fro m  th e  c o u n t in g  v e s s e l  a l l
35
o f  th e  s u r fa c e  adsorbed SF^ i s  removed w i t h  th e  s o l i d
35
c o u n t  r a t e  f a l l i n g  t o  background l e v e l .  I f  SF^ i s
r e a d m i t te d  t o  th e  c o u n t in g  v e s s e l  th e  s u r fa c e  coun t r a t e
r e t u r n s  t o  i t s  o r i g i n a l  l e v e l .  Removal o f  th e  gas
a g a in  r e s u l t s  i n  th e  com p le te  rem ova l o f  th e  s u r fa c e
a c t i v i t y  w i t h  no i n d i c a t i o n  o f  th e  f o r m a t io n  o f  any
p e rm a n e n t ly  adsorbed s p e c ie s  s i m i l a r  t o  th o s e  observed
35
i n  th e  r e a c t io n  between SF^ and a c t i v a t e d  CsF.
The up take  o f  SF^ by A IF ^  was s tu d ie d  a t  n in e  d i f f e r e n t
p re s s u re s  between 50 and 300 T o r r  u s in g  th e  c o n s ta n t
volume manometer system  d e s c r ib e d  i n  c h a p te r  2 s e c t io n
2 .1 2 .  The r e s u l t s  a re  shown i n  f i g u r e  5 .6  t o g e th e r '
w i t h  th e  up ta ke s  c a lc u la t e d  fro m  th e  f a l l  i n  th e  gas 
35
coun t r a t e  i n  th e  SF^ e x p e r im e n ts .  The two s e ts  o f  
d a ta  show v e ry  good agreement and c o n f i r m  t h a t  th e  
r e a c t i o n  between A IF ^  and SF^ i s  dependant upon th e  
i n i t i a l  p re s s u re  o f  gas and t h a t  th e  r e a c t io n  i s  l i m i t e d  
t o  th e  s u r fa c e  o f  th e  A IF ^  s in c e  th e  up take  o f  gas i s  e qua l 
t o  th e  measured s u r fa c e  u p ta ke .
F i g u r e  5 6
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The surface area of AIF^ was determined by the B.E.T.
method u s in g  as a d s o rb a te .  A v a lu e  o f  2 2 .3  -  2 .6  m^ 
“  1
g was o b ta in e d .
5 .3  RESULTS OF REACTION OF SF^ WITH NbF^
18
Two e x p e r im e n ts  i n v o l v i n g  SF^ F and NbF^ were c a r r i e d  o u t .
The r e s u l t s  a re  summarised i n  t a b le  5 .2 .  The coun t r a t e
o f  th e  s o l i d  r i s e s  r a p i d l y  u n t i l  an e q u i l i b r i u m  l e v e l  i s
reached  a f t e r  50 m in u te s ,  as shown by f i g u r e  5 .7 .
18
Comparison o f  th e  SF^ F s p e c i f i c  coun t r a t e  b e fo re  and
a f t e r  r e a c t io n  shows t h a t  th e  in c re a s e  i n  s o l i d  coun t 
18
r a t e  i s  due t o  F exchange. The s p e c i f i c  co u n t  r a t e  o f  th e
18 — 1 — 1 
SF^ F b e fo re  r e a c t i o n  was 15768 -  125 co u n ts  min m mol
18
The s p e c i f i c  coun t r a t e  o f  th e  SF^ F a f t e r  r e a c t io n  was
+ — ̂  — 1
2762 -  53 co u n ts  min m mol . U s ing  e q u a t io n s  2 .4  and
2 .5  th e  f r a c t i o n s  exchanged a re  1 .065 and 1.061 r e s p e c t i v e l y
Those c a lc u la t e d  f o r  e xp e r im e n t 2 a re  1 .00  and 0 .9 9 .
S ince  b o th  e q u a t io n s  g iv e  th e  same v a lu e ,  no up take  o f  gas
has o c c u r re d ,  th e  in c r e a s e  i n  s o l i d  coun t r a t e  i s  due t o  
18F exchange. The i n f r a  red  spec trum  o f  th e  NbF^ a f t e r  
r e a c t i o n  showed o n ly  bands due t o  NbF^ [T a b le  5 . 3 ) .
35
The r e a c t i o n  between SF^ and NbF^ was s tu d ie d  a t  10 
d i f f e r e n t  p re s s u re s  between 25 and 300 T o r r .  Each r e a c t io n  
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React ion  of SF^: wi th NbF^
Solid c o u n t  r o t e  vs react ion t ime
c
603 0  30  4 0
R e a c t i o n  t ime mi n
lO
TABLE 5.3
INFRA RED SPECTRUM OF SOLID NbF^ AFTER REACTION WITH SF^^^F— — -------------------------------------------- 5----------------------------    j--------
THIS WORK LITERATURE NbF^
125
742 s 734 vs
126
746 s
720 vs 721 vs
700 s 700 vs
688 s 692 sh
670 s 672 s
660 m 661 m 660 s
514 ms
490 sb 479 w 498 sb
378 vs
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F ig u re s  5 .8 ,  5 .9  and 5 .1 0  a re  p l o t s  o f  s o l i d  coun t r a t e  
v e rs u s  r e a c t i o n  t im e  a t  i n i t i a l  p re s s u re s  o f  25, 125 and 
305 T o r r .
In  each case th e r e  i s  a r i s e  i n  s o l i d  c o u n t  r a t e  o v e r  th e
f i r s t  20 m in u te s  f o l lo w e d  by a decrease  o v e r  th e  n e x t
35
50 m in u te s .  A t  low  i n i t i a l  p re s s u re s  o f  SF^ th e  maximum
s u r fa c e  coun t r a t e  i s  v e ry  s m a l l .  T h is  s u r fa c e  coun t r a t e
35
in c re a s e s  w i t h  i n i t i a l  SF^ p re s s u re  u n t i l  a c o n s ta n t
“  1
l e v e l  o f  80-90 co u n ts  sec i s  a t t a i n e d  a t  a l l  p re s s u re  
g r e a t e r  th a n  100 T o r r .  The s o l i d  coun t r a t e s  a f t e r  
70 m in u te s  a re  a ls o  e q u a l  a t  p re s s u re s  g r e a t e r  th a n  100 
T o r r .  D u r in g  th e  r e a c t i o n  th e  g la s s  v e s s e l  becomes coa ted  
w i t h  an o f f  w h i te  s o l i d .
35When th e  SF^ i s  removed f ro m  th e  c o u n t in g  v e s s e l  th e
s o l i d  co u n ts  f a l l  t o  background l e v e l  i n d i c a t i n g  t h a t  a l l  
35o f  th e  SF^ has been removed f ro m  th e  s u r fa c e .
35
I f  th e  same p re s s u re  o f  SF^ i s  re a d m i t te d  t o  t h e  c o u n t in g  
v e s s e l  th e  s u r fa c e  coun t r a t e  f o l l o w s  th e  same p a t t e r n  
as t h a t  p r e v io u s l y  d e s c r ib e d .  The coun t r a t e  r i s e s  f o r  th e  
f i r s t  20 m in u te s  and th e n  f a l l s  o v e r  th e  n e x t  50 m in u te s .
Dn rem ova l o f  th e  gas th e r e  i s  a v e ry  s m a l l  s u r fa c e  coun t 
re m a in in g .  T h is  s u r fa c e  coun t r a t e  i s  o n ly  d e te c ta b le  
by c o u n t in g  f o r  p e r io d s  o f  10,000 seconds o r  more.
Figure 5*8
35
R e a c t i o n  of SF  ̂ wi th NbF^























I n i t i a l  pressure =25 Torr
Figure  5 9
React ion of SF. wi th NbF_
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React i on  t i me min
In i t ia l  pressure = 125 Torr
Figure 5- 10
R e a c t i o n  of  S F, w i t h  NbFL
4^ b

















React ion t ime  
I n i t i a l  pressure = 305 Tor r
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35The a d m iss io n  o f  a f u r t h e r  sample o f  SF^ t o  t h e  c o u n t in g  
v e s s e l  r e s u l t s  i n  a s l i g h t  in c re a s e  i n  th e  c oun t r a t e  
w h ich  rem a ins  a f t e r  rem ova l o f  th e  gas. The s u r fa c e  coun t 
r a t e  in c r e a s e s  f ro m  0 .16  c o u n ts  sec t o  0 .26  c o u n ts  sec
5 .4  DISCUSSION OF RESULTS
Due t o  i t s  v o l a t i l i t y  a t  room te m p e ra tu re  no s u r fa c e  area
o r  m anom etr ic  measurements were c a r r i e d  o u t  on NbF . I t s
5
r e a c t io n  w i t h  SF^ was s tu d ie d  u s in g  r a d i o t r a c e r  te c h n iq u e s  
a lo n e .
100% ^^F exchange i s  observed  i n  th e  r e a c t i o n  o f  SF^^^F
18
w i t h  NbFg. Complete F exchange was a ls o  obse rved  i n  a
18
s tu d y  o f  th e  r e a c t i o n  o f  SF„ F w i t h  TaF c a r r i e d  o u t  i n
97
c o n ju n c t io n  w i t h  th e  work r e p o r te d  i n  t h i s  t h e s i s .
35The r e a c t io n  o f  SF^ w i t h  NbF^ p roduces  a r a p id  i n i t i a l  
in c r e a s e  i n  s u r fa c e  coun t r a t e  f o l lo w e d  by a s low  dec re a se .  
In  a d d i t i o n  t o  t h i s  th e  w a l l s  o f  th e  r e a c t io n  v e s s e l  
become coa ted  w i t h  a w h i t e  s o l i d  as th e  r e a c t io n  p ro g re s s e s ,  
The decrease  i n  s u r fa c e  c oun t r a t e  i s  due t o  th e  f o r m a t io n  
o f  a v o l a t i l e  r e a c t i o n  p r o d u c t ,  hence th e  appearance o f  a 
w h i te  s o l i d  on th e  w a l l s  o f  th e  r e a c t io n  v e s s e l .  When th e  
gas i s  removed from  th e  r e a c t io n  v e s s e l  a l l  o f  th e  s u r fa c e  
a c t i v i t y  i s  removed i n d i c a t i n g  t h a t  th e  s u r fa c e  sp e c ie s  
i s  w eak ly  adso rbed . The t r a n s i t i o n  f ro m  a w eak ly  adsorbed 
s p e c ie s  t o  a s t r o n g l y  adsorbed s p e c ie s  must be v e ry  s low  
because lo n g e r  r e a c t io n  t im e s  ( t > 3  h o u rs ]  and re p e a te d
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addition of gas to the same sample result in barely
35
d e te c ta b le  l e v e l s  o f  p e rm a n e n t ly  r e t a in e d  SF^. S im i l a r
r e s u l t s  were a ls o  o b ta in e d  i n  th e  s tu d y  o f  th e  r e a c t io n
35
between SF^ and TaF^ u s in g  SF^, w i t h  an in c r e a s e  f o l lo w e d  
by a f a l l  i n  th e  s u r fa c e  coun t r a t e  accompanied by th e
fo r m a t io n  o f  a w h i te  c o a t in g  on th e  w a l l s  o f  th e  r e a c t io n
, 97v e s s e l .
I n f r a  re d  s p e c t ro s c o p y  does no t p r o v id e  any c lu e s  t o  th e
i d e n t i t y  o f  th e  adsorbed s p e c ie s .  T h is  i s  because th e
s p e c ie s  i s  w e a k ly  adsorbed and o n ly  p re s e n t  i f  t h e r e  i s
a p re s s u re  o f  SF^ i n  t h e  r e a c t io n  v e s s e l .
4
The adsorbed s p e c ie s  can however be i d e n t i f i e d  by com parison  
o f  th e  r e s u l t s  r e p o r te d  i n  t h i s  c h a p te r  w i t h  th e  l i t e r a t u r e  
r e s u l t s  o f  th e  r e a c t io n s  o f  SF^ and SeF^ w i t h  a range o f  
Lew is  a c id s .
22 ,24
SF^ r e a c ts  w i t h  BF^, PF^, AsF^, SbF^ and GeF^ t o  fo rm
+  —
compounds o f  th e  fo rm  SF^ MF^. In  each case th e r e  i s  
e v id e n ce  f o r  f l u o r i n e  b r id g in g  between th e  io n s . ^ ^ ^
The c r y s t a l  s t r u c t u r e s  o f  SF^, BF^ and [SF^]^ 
have been d e te rm in e d  and are shown i n  c h a p te r  1 f i g u r e s
1 .2  and 1 .8 .  Each s t r u c t u r e  shows e v id e n ce  o f  f l u o r i n e  
b r i d g in g  w i t h  each s u lp h u r  atom making c lo s e  c o n ta c t  w i t h  
one f l u o r i n e  atom fro m  each o f  t h r e e  d i f f e r e n t  a n io n s .
SeF^ i s  i s o s t r u c t u r a l  w i t h  SF^ and has been shown t o  r e a c t
129 130 2.3i n  a s i m i l a r  manner ' ' w i t h  Lewis a c id s  fo rm in g
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+
compounds c o n ta in in g  th e  SeF^ c a t io n .  S p e c t ro s c o p ic  s tu d ie s
o f  th e s e  compounds i n d i c a t e  t h a t  t h e y  a re  b e s t  re g a rd e d  as
+ —
i o n i c  compounds o f  th e  ty p e  SeF^ MF^ and t h a t  th e  io n s  a re
23h e ld  t o g e t h e r  by r e l a t i v e l y  s t r o n g  f l u o r i n e  b r id g e s .
I n  1970 Edwards and Jones p u b l is h e d  th e  r e s u l t s  o f  th e
132
r e a c t io n  between NbF^ and SeF^. In  t h i s  s tu d y  th e  room
te m p e ra tu re  r e a c t io n  o f  Se^ w i t h  Nbf^ r e s u l t e d  i n  th e  f o r m a t io n  
o f  th e  adduc t SeF^ 2NbF^ w i t h  SeF^ NbF^ as a m in o r  p ro d u c t .
A c r y s t a l  s t r u c t u r e  d e te r m in a t io n  shows t h a t  th e  m o le c u la r  
geom etry  o f  th e  adduc t i s  c o n s is t a n t  w i t h  t h e  i o n i c
*f* —
f o r m u la t i o n  [SeF^] (Nb^F^^I . The c r y s t a l  s t r u c t u r e  i s  
shown i n  f i g u r e  5 .1 1 .  A l th o u g h  t h i s  i o n i c  f o r m u la t io n  
g iv e s  a re a s o n a b le  r e p r e s e n ta t io n  o f  th e  s t r u c t u r e  i t  does 
n o t  c o m p le te ly  d e s c r ib e  th e  s t r u c t u r e .  The s e le n iu m  atom 
i s  su rrounde d  by t h r e e  f l u o r i n e  atoms a t  1 .66  -  0 .0 3  R 
w i t h  F -Se-F  a n g le s  94 .2  -  0 . 4 ° ,  g i v i n g  th e  e xpec ted  C^v 
symmetry f o r  th e  c a t i o n .  In  a d d i t i o n  t o  th e s e  t h r e e  
f l u o r i n e  atoms th e  t h r e e  f l u o r i n e  atoms f ro m  n e ig h b o u r in g  
Nb^F^^ io n s  a re  a lm os t e q u id i s t a n t  f ro m  th e  se le n iu m  
atom a t  2 .4 0 ,  2 .4 2  and 2 .4 7 ^ ,  and fo rm  c i s  b r id g e s  t o  
n io b iu m  a tom s. The la r g e  d is ta n c e s  between th e  b r i d g in g  
atoms a re  c o m p a t ib le  w i t h  th e  presence o f  th e  non bond ing  
e le c t r o n  p a i r  on s e le n iu m  f i l l i n g  a seven th  c o - o r d in a t i o n  
p o s i t i o n .
Edwards and Jones d e s c r ib e d  th e  s t r u c t u r e  as b e in g
" d e r iv e d  l a r g e l y  f ro m  th e  i o n i c  f o r m u la t i o n  CSeF )
F i g u r e  5 11 The s t r u c t u r e  of  SeF^Nb^F ĵ^
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(N b^F^^] w i t h  some c o n t r i b u t i o n  f ro m  a c o v a le n t l y
l i n k e d  a rrangem en t w i t h  u n i t s  c i s  b r id g e d  t o
d i s t o r t e d  o c ta h e d ra l  SeF_ u n i t s . " In  v ie w  o f  th e
b
s i m i l a r i t i e s  i n  th e  r e a c t io n s  o f  SeF^ and SF^ w i t h  BF^,
PF_, AsFr and SbF_ i t  i s  re a s o n a b le  t o  assume t h a t  th eb b b
r e a c t i o n  o f  SF^ w i t h  NbF^ w i l l  r e s u l t  i n  th e  f o r m a t io n  o f  
[SFg] CNb^F^^j] s i m i l a r  t o  t h e  [SeF^] [Nb^F^^) 
compound d e s c r ib e d  by Edwards and Jones. The t r a n s f e r
o f  a f l u o r i d e  io n  f ro m  SF^ t o  NbF^ i n  th e  fo r m a t io n  o f
4" —
t h e  [SFg] ^^^*2^11^ compound p r o v id e s  an a c c e p ta b le  
18
mechanism f o r  F exchange.
A l th o u g h  [SFg] (Nb^F^^) i s  th e  most l i k e l y  p r o d u c t ,
th e  p o s s i b i l i t y  o f  th e  fo r m a t io n  o f  CSF^I [MF^] o r
o f  p o ly m e r ic  a n io n s  o f  th e  fo rm  (Nb F,. . ) •n 5n+1
s i m i l a r  t o  th o s e  obse rved  i n  an t im ony  p e n t a f l u o r i d e  
133
systems canno t be r u le d  o u t .
The r e a c t i o n  o f  SF^^^F w i t h  A IF^  r e s u l t s  i n  30% ^^F
exchange. A s i m i l a r  r e s u l t  was o b ta in e d  i n  a r a d i o t r a c e r
s tu d y  o f  th e  r e a c t i o n  o f  SF^ w i t h  CrF^ c a r r i e d  o u t  i n
97
c o n ju n c t io n  w i t h  th e  work r e p o r te d  i n  t h i s  t h e s i s .
18In  t h i s  s tu d y  20% F exchange was observed  a f t e r  
60 m in u te s  and i t  was proposed t h a t  exchange o c c u r re d  
v ia  a f l u o r i n e  b r id g e d  d o n o r -a c c e p to r  s p e c ie s  between 
SFg and C rF^. S i m i l a r  f l u o r i n e  b r id g e d  in te r m e d ia te s  
have been proposed  i n  o t h e r  r e a c t io n s  between Lew is  
a c id s  and SF^ as p r e v io u s ly  m en t ioned . I t  i s  t h e r e f o r e  
re a s o n a b le  t o  assume t h a t  a s i m i l a r  s p e c ie s  i s  in v o lv e d  
i n  th e  r e a c t io n  between SF^ and A IF ^ .
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35
S tu d ie s  u s in g  SF^ i n d i c a t e  t h a t  th e  r e a c t i o n  between 
35
SF^ and A IF ^  i s  com p le te  i n  le s s  th a n  f i v e  m in u te s .
The r e a c t i o n  must be l i m i t e d  t o  th e  s u r fa c e  o f  th e  A IF ^
s in c e  th e  o v e r a l l  d rop  i n  gas phase co u n ts  i s  e q u iv a le n t
t o  th e  in c r e a s e  i n  s u r fa c e  c o u n ts .  The e x te n t  o f  s u r fa c e
35
a d s o r p t io n  i s  dependant on th e  i n i t i a l  p re s s u re  o f  SF^, 
i n d i c a t i n g  t h a t  s a t u r a t i o n  coverage o f  t h e  s o l i d  s u r fa c e  
was n o t  a ch ie ve d  w i t h i n  th e  p re s s u re  range s tu d ie d .  T h is  
i s  due t o  th e  la rg e  B .E .T .  s u r fa c e  a r e a 'o f  t h e  A IF ^
4" 2 ~ ̂
(2 2 .3  -  2 .6  m g ) w h ich  i s  much l a r g e r  th a n  t h a t  o f  
th e  CsF used p r e v io u s l y  where s u r fa c e  s a t u r a t i o n  was 
obse rved  a t  r e l a t i v e l y  low  p r e s s u re s .  Removal o f  th e  
gas f ro m  th e  c o u n t in g  v e s s e l  r e s u l t s  i n  com p le te  rem ova l 
o f  th e  s u r fa c e  a c t i v i t y ,  so th e  s u r fa c e  s p e c ie s  must 
be w e a k ly  adso rbed .
35
In  th e  r e a c t i o n  o f  SF^ w i t h  C rF^, a d s o rp t io n  was l i m i t e d  
t o  th e  s u r fa c e  o f  th e  s o l i d  and th e  e q u i l i b r i u m  coun t 
r a t e  was n o t  reached  u n t i l  a f t e r  30 m in u te s .  Removal o f  
th e  gas r e s u l t e d  in  com p le te  rem ova l o f  th e  s u r fa c e  coun t 
r a t e .
The r e s u l t s  o f  a m anom etr ic  s tu d y  o f  th e  r e a c t io n  between 
SF^ and A IF ^  c o n f i r m  t h a t  th e  r e a c t io n  i s  dependant on 
i n i t i a l  p re s s u re .
The fo r m a t io n  o f  th e  SF^ c a t io n  has been proposed i n  a l l  
o f  th e  r e a c t io n s  d is c u s s e d  i n  t h i s  c h a p te r ,  however o n ly  
30% "*^F exchange was observed i n  th e  r e a c t io n  o f  SF^^^F
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18with AlFg and 20% in the reaction of SF^ F with CrF^
compared t o  100% exchange i n  th e  SF^^^F/NbF^ and S F^^^F /
TaF^ sys tem s . The o n ly  d i f f e r e n c e  obse rved  between th e
tw o  s e ts  o f  r e a c t io n s  was th e  fo r m a t io n  o f  a v o l a t i l e
r e a c t i o n  p ro d u c t  i n  th e  r e a c t io n s  o f  NbF^ and TaF^.
The v o l a t i l i t y  o f  th e  r e a c t io n  p ro d u c t  must t h e r e f o r e
18p la y  a p a r t  i n  d e te rm in in g  th e  amount o f  F exchange
18
ob se rv e d .  In  o t h e r  words F exchange i n  th e  S F ^ /A IF ^
and SF^/CrFg systems i s  l i m i t e d  t o  th e  s u r fa c e  o f  th e  
18s o l i d  whereas F exchange i n  th e  SF^/NbF^ and SF^/TaF^ 
systems o c cu rs  b o th  on th e  s u r fa c e  o f  th e  s o l i d  and t o  a 
la r g e  e x te n t  i n  th e  gaseous phase.
The r e s u l t s  d e s c r ib e d  i n  t h i s  c h a p te r  show t h a t  s im p le  
m o le c u la r  a n a lo g ie s  a re  v e ry  u s e fu l  i n  d e s c r ib in g  th e  
s u r fa c e  r e a c t io n s  between a s o l i d  Lew is  a c id  and a 
gaseous Lew is  base.
OOÜOO
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CHAPTER 6
THE INTERACTION OF SF^ WITH p-UF^
INTRODUCTION
The room te m p e ra tu re  r e a c t i o n  between SF^ and p-UF^ has p r e v io u s l y
134 18
been s tu d ie d  by 0 K Sanya l and J M W in f i e l d  u s in g  b o th  F and
35
S l a b e l l e d  SF^. Due t o  p rob lem s w i t h  th e  r e c o r d in g  equ ipm en t,
35
r e l i a b l e  r e s u l t s  were not o b ta in e d  f o r  t h e  S e x p e r im e n ts .  The
work r e p o r te d  i n  t h i s  c h a p te r  was un d e r ta ke n  i n  an a t te m p t  t o
18
f i l l  t h i s  v o id .  A l l  F r e s u l t s  quo ted  a re  th o s e  o f  Sanya l and 
. W in f ie ld .
8 .1 EXPERIMENTAL
p-UFg was p re p a re d  as d e s c r ib e d  i n  c h a p te r  2 s e c t io n  2 .2 .1 2
35
The r e a c t i o n  between SF^ and ^ -U F ^  was f o l l o w e d  u s in g  th e  
te c h n iq u e s  and a p p a ra tu s  d e s c r ib e d  b r i e f l y  i n  c h a p te r  4 
s e c t io n  4 .1  and i n  d e t a i l  i n  c h a p te r  2.
6 .2  RESULTS
35
The r e a c t i o n  between SF. and B-UF_ was s tu d ie d  a t  te n
4 ‘ b
d i f f e r e n t  p re s s u re s  between 23 and 398 T o r r .  Each r e a c t io n
35
was fo l l o w e d  f o r  1 hou r  b e fo re  rem ova l o f  th e  SF^.
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R e p re s e n ta t iv e  r e s u l t s  a re  g iv e n  i n  t a b le s  6 .1  and 6 .2  and 
i n  f i g u r e s  6 .1 ,  6 .2  and 6 .3 .  F ig u re s  6 .1 ,  6 .2  and 6 .3  a re
35
p l o t s  o f  s o l i d  coun t r a t e  v e rs u s  t im e  a t  i n i t i a l  SF^ p re s s u re s
o f  23, 150 and 398 T o r r .  These p l o t s  show t h a t  t h e  r e a c t i o n
i s  com p le te  w i t h i n  t h e  f i v e  m in u te s  b e fo re  th e  f i r s t  c oun t i s
ta k e n .  The s u r fa c e  coun t r a t e  i s  dependent on th e  i n i t i a l  
35
p re s s u re  o f  SF^ a t  a l l  p re s s u re s  be low 200 T o r r .  Above
200 T o r r  th e  s u r fa c e  coun t r a t e  i s  in d e p e n d a n t  o f  th e  i n i t i a l
p re s s u re .  The maximum s u r fa c e  c o u n t  r a t e  o f  26 -  1 co u n ts
35sec c o r re s p o n d s  t o  an up take  o f  0 .36  -  0.01 m mol o f  SF^. 
S u r fa c e  coun t r a t e s  were a c c u r a te l y  d e te rm in e d  by e x te n d in g
3
th e  c o u n t in g  t im e  t o  g iv e  t o t a l  c o u n ts  o f  5 x 10 
(See t a b le s  6 .1  and 6 . 2 ] .
35A t each d i f f e r e n t  p re s s u re  o f  SF^ th e  d rop  i n  t h e  o v e r a l l  
gas coun t r a t e  was a p p r o x im a te ly  e q u a l t o  t h e  g ro w th  i n  th e  
s o l i d  coun t r a t e .  T h is  shows t h a t  t h e r e  i s  no b u lk  a d s o r p t io n  
o c c u r r in g  w i t h  th e  r e a c t io n  b e in g  l i m i t e d  t o  s u r fa c e  
a d s o r p t io n .  F ig u re  6 .4  shows a p l o t  o f  th e  d rop  i n  gas 
co u n t  r a t e  v e rs u s  i n i t i a l  p re s s u re  and f i g u r e  6 .5  shows 
a p l o t  o f  s u r fa c e  coun t r a t e  v e rsu s  i n i t i a l  p re s s u re .
35When th e  SF^ i s  removed f ro m  th e  c o u n t in g  v e s s e l  t h e r e  i s
35
no change i n  th e  s u r fa c e  coun t r a t e .  When SF^ i s  re a d m i t te d  
t o  th e  c o u n t in g  v e s s e l  t h e r e  i s  no in c re a s e  i n  th e  s u r fa c e  
co u n t  r a t e .  A dm iss ion  o f  non r a d io a c t i v e  SF^ does n o t  
a f f e c t  th e  s u r fa c e  coun t r a t e .
TABLE 6.1
35
REACTION OF SF^ WITH p-UF^
TIME
min
SOLIO & GAS COUNTS 




COUNTS s e c ""*
. 5 37 .33 28 .12 9.21
10 3 7 .93 28 .56 9 .3 7
20 36.60 28 .03 8 .57
30 38.77 29.01 9.76
40 3 7 .83 28 .73 9 .10
50 37 .57 28 .55 9 .02
60 37.40 27 .97 9 .4 3
AVERAGE 2 8 .42 9.21
35
I n i t i a l  p re s s u re  o f  SF
C o u n t in g  t im e
35,
Count r a t e  o f  SF^ b e fo re  
r e a c t io n
Orop i n  co u n t  r a t e
56 T o r r  
200 seconds
38 .04  c o u n ts  sec 














5 208 .14 179.79 ,128.35
10 207 .34 178.35 28 .99
20 208 .78 179.95 28 .38
30 207.61 178.99 28 .62
40 208 .84 179.33 29.51
50 208 .43 179.89 28 .54
60 207.37 179.49 27 .88
AVERAGE 179.39 28 .67
35
I n i t i a l  p re s s u re  o f  SF
Count t im e
35.
Count r a t e  o f  SF^ b e fo re  
r e a c t i o n
Orop i n  coun t r a t e
305 T o r r  
100 seconds
= 208.69  c o u n ts  sec
29 .29  co u n ts  sec
-1
Figure 6*1
Reac t io n  of^^SF. with B - UE
4 ' 5
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6.3 DISCUSSION OF RESULTS
S o l id  p -U F^ i s  p o ly m e r ic  and c o n ta in s  e ig h t  c o - o r d in a t e
135 ^36
u ran ium . The symmetry o f  UF^ as an i s o l a t e d  m o le c u le
4 37i s  n o t  known b u t  i s  b e l ie v e d  t o  be C
4v
Uranium p e n t a f l u o r i d e  behaves as a Lew is  a c id  w i t h  f l u o r i d e
io n  dono rs  such as ammonium o-r a l k a l i  m e ta l  f l u o r i d e s
fo rm in g  i o n i c  d e r i v a t i v e s  M UF^ [M = NH^, L i ,  Na, K,
138
Rb and C s ] . W ith  th e  s t r o n g  Lew is  a c id s  SbF^, AsF^,
NbF^ and TaF^ i t  fo rm s  f l u o r i n e  b r id g e d  ad d u c ts  i n  w h ich
139,140i o n i c  f o r m u la t io n s  p la y  a m in o r  p a r t  i n  th e  b o n d in g .
Uranium  p e n t a f l u o r i d e  can t h e r e f o r e  behave as a Lew is  a c id  
o r  as a Lew is base.
There  i s  some d isa g re e m e n t o v e r  th e  r e a c t io n  o f  p-UF^ w i t h
134
SF^. In  1984 Sanya l and W in f i e l d  p u b l is h e d  th e  r e s u l t s
o f  a r a d i o t r a c e r  s tu d y  o f  th e  r e a c t io n s  o f  BF^, PF^ and
SF^ w i t h  p -U F ^ . F lu o r in e  -  18 exchange was observed  i n  each
case , t o g e t h e r  w i t h  r e t e n t i o n  o f  a s m a l l  amount o f  th e
gas by th e  p -U F ^ . In  v ie w  o f  th e s e  s i m i l a r i t i e s  i n  th e
r e a c t io n s  o f  th e  t h r e e  f l u o r i d e s  i t  was p roposed t h a t  SF^
was a c t i n g  as a Lew is a c id  i n  th e  r e a c t io n  w i t h  p-U^..
140H o l lo w a y  and cow o rke rs  p u b l is h e d  th e  r e s u l t s  o f  th e  
r e a c t io n  o f  SF^ w i t h  p-UF^ i n  HF i n  th e  same y e a r .  Based 
on s p e c t r o s c o p ic  ev id e n ce  th e y  proposed t h a t  SF^ was 
a c t i n g  as a Lew is  base. S ince  n e i t h e r  o f  th e s e  papers  
p r o v id e s  c o n c lu s iv e  e v idence  i t  i s  n e ce s sa ry  t o  lo o k  f o r
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s i m i l a r i t i e s  between b o th  pape rs  and th e  w ork  r e p o r te d  in  
t h i s  c h a p te r  b e fo re  a t t e m p t in g  t o  re a ch  a c o n c lu s io n .
The r e a c t i o n  between SF^ and p-UF^ i s  r a p id  and r e s t r i c t e d  
t o  t h e  s u r fa c e  o f  t h e  s o l i d .  The adsorbed s p e c ie s  i s  
p e rm a n e n t ly  adsorbed  and i s  u n a f fe c te d  by rem ova l o f  th e
18
E x p e r im e n ts  c a r r i e d  ou t  u s in g  SF^ F show t h a t  a p p r o x im a te ly  
18
70% F exchange i s  observed  a f t e r  two hours  (T a b le  6 . 3 ) .
By com par ison  w i t h  th e  r e s u l t s  o f  th e  r e a c t io n s  d is c u s s e d  i n
c h a p te r  4, th e  fo r m a t io n  o f  a p e rm a n e n t ly  adsorbed s p e c ie s
sugges ts  t h a t  th e  SF^ a n ion  has been fo rm ed . F u r t h e r  e v id e n ce
f o r  t h i s  comes f ro m  a r a d i o t r a c e r  s tu d y  o f  th e  r e a c t io n s  o f
p-UF^ w i t h  SF^ and th e  Lew is a c id s  BF^ and PF^ by S anya l and 
134W i n f i e l d .  They showed t h a t  s m a l l  amounts o f  t h e  Lew is
a c id s  were r e ta in e d  by th e  p-UFg. S ince  SF^ was a ls o
r e t a in e d  th e y  p roposed t h a t  i t  must be a c t in g  as a Lew is
18a c id .  However, th e  F e xp e r im e n ts  c a r r i e d  o u t  i n  c h a p te r  4 
18showed t h a t  no F exchange was observed i n  systems where
SFg was fo rm e d . S anya l and W i n f i e l d  have dem o n s tra te d  t h a t  
1870% F exchange i s  observed  a f t e r  two h o u rs .  The 
18o b s e r v a t io n  o f  F exchange sugges ts  t h a t  th e  adsorbed
s p e c ie s  i s  SF^ by com parison  w i t h  th e  r e s u l t s  o f  th e
r e a c t io n s  between SF^ and NbFg and A IF ^  d is c u s s e d  i n  c h a p te r
5. The f o r m a t io n  o f  th e  SF^ c a t io n  was a ls o  proposed by
140
H o llo w a y  and cow o rke rs  who s tu d ie d  th e  r e a c t io n  o f  SF
TABLE 6.3











0 .5 2 1 .62 120 0 .72
0.66 2 .7 5 100 0 .67
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w i t h  p-UF^ i n  HF. T h e i r  r e s u l t s  i n d i c a t e d  t h a t  an adduc t 
o f  c o m p o s i t io n  3UFg. SF^ was fo rm ed .
Raman and i n f r a  red  s tu d ie s  o f  t h e  adduc t were c a r r i e d  ou t  
b o th  i n  HF s o l u t i o n  and i n  th e  s o l i d  s t a t e .  The x - r a y  
powder p h o to g ra p h  o f  th e  adduct was a ls o  re c o rd e d .  The 
x - r a y  powder p h o to g ra p h  showed t h a t  t h e  adduc t was a w e l l  
d e f in e d  c r y s t a l l i n e  compound w h ich  d id  no t  c o n ta in  UF^.
H o l lo w a y  and cow o rke rs  i n t e r p r e t a t i o n  o f  th e  s p e c t r o s c o p ic
+ “
d a ta  was based on th e  fo r m a t io n  o f  SF^ and UF„ io n s  as
3 b
shown i n  t a b l e  6 .4 .  T a b le  6 .5  l i s t s  th e  i n f r a  re d  spec trum  
+
o f  th e  SFg io n  i n  f o u r  d i f f e r e n t  compounds. Comparison
+ —
o f  th e  two s e ts  o f  da ta  shows t h a t  SF„ and UF_ a re  indeed
3 fa
th e  most l i k e l y  p ro d u c ts  o f  t h i s  r e a c t i o n .  As t h i s  r e a c t io n
was c a r r i e d  o u t  i n  HF th e  r e s u l t s  a re  n o t  d i r e c t l y  a p p l i c a b le
t o  th e  he te rogeneous  r e a c t io n  o f  SF^ and p -U ^  s in c e  SF^ i s
known t o  be a weak base i n  H F ,^^^  i o n i z i n g  t o  g iv e  SF^ and
HF^. The i n f r a  red  spec trum  o f  H o l lo w a y  and co w o rke rs  c o n ta in s
a number o f  a d d i t i o n a l  bands, sugges t ing^  th e  p resence  o f
f l u o r i n e  b r id g e d  s p e c ie s .  H o l low ay  and cow o rke rs  do in
f a c t  say t h a t  th e  r e a c t io n  o f  SF^ w i t h  p-UF^ i n  HF y i e l d s
"an adduc t o f  c o m p o s i t io n  3UF_.SF. i n  w h ich  b o th  i o n i c  andfa 4
f l u o r i n e  b r id g e d  s p e c ie s  a re  p r e s e n t . "
As a l r e a d y  m entioned  SF^ r e a c ts  w i t h  a number o f  Lew is  
a c id s  t o  fo rm  f l u o r i n e  b r id g e d  adduc ts  w h ich  a re  e s s e n t i a l l y  
non i o n i c .  I t  i s  t h e r e f o r e  necessa ry  t o  c o n s id e r th e  p o s s i b i l i t y  
t h a t  th e  he te rogeneous  r e a c t io n  o f  SF^ w i t h  p-UF^ r e s u l t s  i n
TABLE 6.4
S p e c t ro s c o p ic  d a ta  o f  H o l lo w a y  and cow orke rs 140
S o l i d  
















HF ( s o ln )  
Raman
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V sC f iU )  
Vg [e g ]
*  _ Bands a ss ig n e d  t o  SF
TABLE 6.5
VIBRATIONAL SPECTRUM OF THE SF *  ION cm''*
SFa-BF^ SFg.PFg SF3.ASF3 SFg.SbFg
Ass ignm ent
939 954 945 943 v ^ [A ^ )
529 531 530 529 V [A ]
913 929 926 928 v^CE)
414 408 411 411 v ^ [E )
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a non i o n i c  f l u o r i n e  b r id g e d  s p e c ie s .  A d s o rp t io n  o f  SF^ 
t o  fo rm  two f l u o r i n e  b r id g e s ,  as shown i n  f i g u r e  6 .6  would 
r e s u l t  i n  a seven c o - o r d in a te  s u lp h u r  s p e c ie s ,  w i t h  th e  
lo n e  p a i r  o c c u p y in g  th e  seven th  c o - o r d in a t i o n  p o s i t i o n ,  
f ig u re  6-6
fO , . . . . . . .
The s t r u c t u r e  o f  t h i s  s p e c ie s  i s  s i m i l a r  t o  t h a t  o f  th e
SF^ c a t io n  i n  SF^ BF^ and GeF^ CSFg)2 (see f ig u r e s  1 .2  and
1 .8 )  and th e  SeF^ c a t io n  i n  SeF^ ^^2*^11 ( f i g u r e  5.11 )
In  each case th e  S ( o r  Se) fo rm s  th r e e  f l u o r i n e  b r id g e s  to
n e ig h b o u r in g  a n io n s  t o  g iv e  seven c o - o r d in a te  s u lp h u r .  A
18
s p e c ie s  o f  t h i s  t y p e  would  a l lo w  F exchange and c o u ld  
be s t r o n g l y  adsorbed th u s  a g re e in g  w i t h  th e  r e s u l t s  o f  
Sanya l and W in f i e l d .  In  th e  p resence o f  FIF an i o n i c  
s p e c ie s  as fo u n d  by H o l low ay  and cow o rke rs  wou ld  be more 
l i k e l y .  I t  t h e r e f o r e  seems most l i k e l y  t h a t  th e  
he te rogeneous  r e a c t i o n  o f  SF^ w i t h  p-UF r e s u l t s  i n  a 
f l u o r i n e  b r id g e d  s p e c ie s ,  no t an i o n i c  s p e c ie s  as p r e v io u s l y  
p roposed .
00Ü00
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CHAPTER 7 
CONCLUSIONS
A c t i v a t i o n  o f  CsF by t r e a tm e n t  w i t h  h e x a f lu o ro a c e to n e  i n  MeCN 
causes a t e n f o l d  in c r e a s e  i n  i t s  B .E .T .  s u r fa c e  a re a .  T h is  
la r g e  in c re a s e  i n  s u r fa c e  a rea  i s  due t o  th e  fo r m a t io n  o f  a 
po rous  s o l i d .  CsF t r e a t e d  i n  t h i s  way i s  a u s e fu l  s y n t h e t i c  
re a g e n t  as i t  r e a c ts  r e a d i l y  a t  room te m p e ra tu re  w i t h  a range 
o f  Lew is  a c id s  t o  fo rm  th e  Cs s a l t  o f  th e  Lew is a c id .  P r e p a r a t io n s  
o f  t h i s  t y p e  n o rm a l ly  r e q u i r e  s o lv e n ts  o r  h ig h  r e a c t io n  
te m p e ra tu re s  and lo n g  r e a c t i o n  t im e s .
E xp e r im e n ts  c a r r i e d  o u t  t o  d e te rm in e  th e  b e s t  c o n d i t i o n s  f o r
l a b e l l i n g  gaseous Lew is  a c id  f l u o r i d e s  f ro m  r e a c t o r  produced 
18Cs F show t h a t  c o n s id e ra b le  up take  o f  gas o c c u rs .  T h is  s ugges ts
t h a t  th e  mechanism o f  "^^F exchange between Cs^^F and gaseous Lew is
a c id s  in v o lv e s  more th a n  one s te p .  The f i r s t  s te p  i s  a d s o r p t io n
o f  th e  a c id  by th e  caesium f l u o r i d e  f o l lo w e d  by f o r m a t io n  o f  th e
a n ion  o f  th e  a c id .  Exchange th e n  o ccu rs  between th e  a n io n  and
th e  Lew is  a c id  r a t h e r  than  between th e  f l u o r i d e  io n  and th e
Lew is  a c id .  F u r t h e r  e v id e n ce  f o r  t h i s  i s  p ro v id e d  by th e  e f f e c t
18
o f  h e x a f lu o ro a c e to n e  p re t r e a tm e n t  o f  th e  Cs F b e fo re  exchange.
18
P re t re a tm e n t  o f  th e  Cs F r e s u l t s  i n  in c re a s e d  up take  o f  gas
and a n ion  f o r m a t io n .  T h e re fo re  th e  o b s e r v a t io n  o f  in c re a s e d  
18F exchange coup led  w i t h  an in c re a s e  i n  anion- f o r m a t io n  s u p p o r ts  
th e  v ie w  t h a t  exchange o cc u rs  between th e  a n io n  o f  th e  Lew is 
a c id  and th e  Lew is  a c id  i t s e l f .
- 1 4 9 -
R a d io t r a c e r  s tu d ie s  o f  th e  r e a c t io n s  o f  gaseous Lew is a c id s  
w i t h  CsF and o f  s o l i d  Lew is  a c id s  w i t h  SF^ have shown t h a t  
s u r fa c e  a d s o r p t io n  a lw ays  o c c u rs ,  and i n  many systems 
a d d i t i o n a l  b u lk  r e a c t io n s  o c c u r .
The r e a c t io n s  o f  gaseous Lew is  a c id s  w i t h  a c t i v a t e d  CsF r e s u l t
18
i n  d e te c ta b le  b u lk  r e a c t i o n  b u t  no F exchange i s  observed
18
e xc e p t  i n  th e  r e a c t i o n  o f  F FCG w i t h  a c t i v a t e d  CsF. I n  th e  
r e a c t io n s  o f  CO^ and SF^ w i t h  a c t i v a t e d  CsF two d i s t i n c t  s u r fa c e  
s p e c ie s  have been i d e n t i f i e d ,  one wh ich  i s  s t r o n g l y  adsorbed and 
one w h ich  i s  w eak ly  adso rbed . The p e rm a n e n t ly  adsorbed s p e c ie s  
a re  p roposed t o  be CO^F and SF^ r e s p e c t i v e l y  and i n  each case 
t h e  w e a k ly  adsorbed s p e c ie s  i s  p roposed t o  be an adsorbed 
m o le c u le  o f  gas.
The r e a c t i o n  between F^CO and a c t i v a t e d  CsF r e s u l t s  i n  th e
o b s e rv a t io n  o f  two d i s t i n c t  s p e c ie s ,  bo th  on th e  s u r fa c e  and
i n  th e  b u lk  o f  th e  s o l i d .  The two s p e c ie s  a re  p roposed  t o
18
be th e  CF^O a n ion  and w e a k ly  adsorbed F^CO. F exchange
18
i s  observed  i n  t h i s  sys tem . F exchange i s  observed  i n  th e
r e a c t io n s  o f  SF^ w i t h  th e  s o l i d  Lew is  a c id s  A IF ^  and NbFg.
35
In  e x p e r im e n ts  u s in g  SF^ b u lk  r e a c t io n  i s  ob se rv e d ,  t o g e th e r  
w i t h  a s in g le  w e a k ly  adsorbed s u r fa c e  s p e c ie s  w h ich  can be 
removed by pumping. T h is  w eak ly  adsorbed s p e c ie s  i s  p roposed  
t o  be SFg.
The r e a c t io n  o f  pUF^ w i t h  SF^ i s  r e s t r i c t e d  t o  th e  s u r fa c e  o f  
18th e  s o l i d .  F exchange i s  observed  and th e  s u r fa c e  s p e c ie s .
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proposed  t o  be F -b r id g e d  SF^ m o le c u le s ,  i s  p e rm a n e n t ly  adso rbed .
A l l  o f  th e  r e a c t io n s  s tu d ie d  f o l l o w  a g e n e ra l  t r e n d .  The f i r s t
s te p  i n  a l l  r e a c t io n s  i s  t h e  f o r m a t io n  o f  a s u r fa c e  adsorbed
s p e c ie s  w h ich  a c ts  as a p r e c u r s o r  f o r  a Lew is  a c id  base r e a c t i o n  
18
F exchange i s  obse rved  a t  room te m p e ra tu re  when th e  s p e c ie s  
fo rm ed i s  c o - o r d i n a t i v e l y  u n s a tu ra te d .  I f  a c o - o r d i n a t i v e l y  
s a tu r a te d  s p e c ie s  i s  fo rm ed no f l u o r i n e  exchange w i l l  be 
observed  u n le s s  fo r m a t io n  o f  complex io n s  c o n ta in in g  b r i d g in g  
f l u o r i n e s  i s  p o s s ib le .
A l th o u g h  th e  CF^O a n io n  i s  fo rm ed i n  th e  r e a c t i o n  o f  F^CO w i t h  
18
a c t i v a t e d  CsF, F exchange i s  obse rve d . In  t h i s  case th e  
r e a c t i o n  i s  c o m p l ic a te d  by th e  p resence  o f  bo th  s t r o n g l y  and 
w eak ly  adsorbed s p e c ie s  on th e  s u r fa c e  and i n  th e  b u lk  o f  th e  
s o l i d .
By c om b in ing  a l l  o f  th e  a fo re m e n t io n e d  r e s u l t s  i t  i s  p o s s ib le  t o  
d e r iv e  a g e n e ra l  model t o  d e s c r ib e  room te m p e ra tu re  he te rogeneous  
Lew is  a c id  base r e a c t io n s  between b in a r y  f l u o r i d e s  as shown 
be low .
XF (g ) —*► XF (ads)
n n
/ \
X F * (n -1 )  XF (n + 1)
^^F exchange obse rved  No "^^F exchange
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The work p re s e n te d  i n  t h i s  t h e s i s  shows t h a t  r a d i o t r a c e r  te c h n iq u e s  
can produce  r e s u l t s  w h ich  a re  com parab le  t o  th o s e  o b ta in e d  by 
c o n v e n t io n a l  te c h n iq u e s  such as manometry. I t  a ls o  d e m o n s tra te s  
t h a t  i d e n t i c a l  r e s u l t s  can be o b ta in e d  f ro m  two d i f f e r e n t  
r a d io i s o to p e s  u s in g  two d i f f e r e n t  c o u n t in g  t e c h n iq u e s .  T h is  shows 
t h a t  th e  c o u n t in g  te c h n iq u e s  and a p p a ra tu s  used i n  t h i s  s tu d y  a re  
v a l i d  f o r  t h i s  t y p e  o f  w o rk .
The o r i g i n a l  aim o f  t h i s  work was t o  i n v e s t i g a t e  th e  u s e fu ln e s s  o f  
m o le c u la r  a n a lo g ie s  i n  d e s c r ib in g  th e  r e a c t io n s  w h ich  o c c u r  a t  
m e ta l  h a l i d e  s u r fa c e s .  The r e s u l t s  p re s e n te d  i n  t h i s  t h e s i s  
show t h a t  m o le c u la r  a n a lo g ie s  a re  c e r t a i n l y  v e ry  u s e fu l  i n  
d e s c r ib in g  the .,  r e a c t io n s  w h ich  o c c u r  between b in a r y  f l u o r i d e s ,  
h a v in g  g iv e n  r i s e  t o  a g e n e ra l  model w h ich  can be used t o  
d e s c r ib e  th e s e  r e a c t i o n s .
In  v ie w  o f  t h i s  i t  seems h ig h l y  l i k e l y  t h a t  m o le c u la r  a n a lo g ie s  
c o u ld  be s i m i l a r l y  a p p l ie d  t o  a l l  s u r fa c e  r e a c t io n s  o f  m e ta l  




T h is  appen d ix  c o n ta in s  programme l i s t i n g s  o f  a l l  t h e  com pute r 
programmes w r i t t e n  s p e c i f i c a l l y  f o r  t h i s  w o rk .  Each l i s t i n g  
i s  accompanied by a b r i e f  e x p la n a t io n  o f  th e  way i n  w h ich  th e  
programme o p e r a t e s .
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PROGRAMNE 1 "B.E.T.S.A"
T h is  programme was w r i t t e n  f o r  th e  BBC m ic ro c o m p u te r  and i s  used 
t o  c a l c u l a t e  th e  B .E .T .  s u r fa c e  a reas  o f  sam ples . The programme 
o p e ra te s  v i a  a number o f  p ro c e d u re s  (s u b ro u tc n ^ s ^ .  The o p e r a t io n  
o f  each p ro c e d u re  i s  now e x p la in e d .
PRGC Background 
PRÜC In p u t  
PRGC Count
PRGC Temp 
PRGC P re s s u re
PRGC Presstemp 
PRGC L i n e f i t
C a lc u la te s  th e  average background c o u n t .  
E n te rs  and s to r e s  e x p e r im e n ta l  d a ta  
C o r r e c ts  room te m p e ra tu re  c o u n ts  f o r  
background  and c a l c u la t e s  coun t r a t e  i n  
co u n ts  sec .
C o n ve r ts  °C t o  K
C o n ve r ts  coun t r a t e  t o  e q u iv a le n t  p re s s u re
85,
o f  , Kr u s in g  c a l i b r a t i o n  d a ta .
: C a lc u la te s  T/P
: C a lc u la te s  b e s t  f i t t i n g  s t r a i g h t  l i n e  i n  a
p l o t  o f  volume ve rsu s  T/P u s in g  l i n e a r  
r e g r e s s io n .  The c a lc u la t e d  g r a d ie n t  and 
i n t e r c e p t  a re  s to re d  as C3 and Ml i n  l i n e  180, 
PRGC C oun ts , PRGC Temp, PRGC P re s s u re ,  PRGC Presstemp and PRGC l i n e  
f i t  a re  re p e a te d  i n  l i n e s  190 -  230 f o r  th e  77K r e s u l t s .
The i n t e r c e p t  and g r a d ie n t  a re  s to re d  as C2 and M2 i n  l i n e  240.
PRGC G e l ta v o l C a lc u la te s  th e  t h e o r e t i c a l  low  te m p e ra tu re  
is o th e rm  and th e n  c a l c u la t e s  th e  d i f f e r e n c e  
i n  volume between th e  t h e o r e t i c a l  and 
e x p e r im e n ta l  is o th e rm s  a t  each p o in t .
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1 a
PRÜC C a lc  : C a lc u la te s  P /n  CPo -  P) x 10 and P/Po
PRDC L i n e f i t  i s  th e n  used t o  c a l c u la t e  th e  b e s t  f i t t i n g  s t r a i g h t
18
l i n e  i n  a p l o t  o f  P /n  CPo -  P) x 10 v e rs u s  P/Po
PROC C a lc  SA : C a lc u la te  th e  s u r fa c e  a rea  u s in g  th e  g r a d ie n t
and i n t e r c e p t  c a l c u la t e d  i n  PROC C a lc .
PRDC R e s u l ts  : P r i n t s  o u t  t h e  r e s u l t s
A l l  v a r i a b le s  a re  d e f in e d  i n  c h a p te r  3 s e c t io n  3 . 1 . 4 .
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PRÜGRAMME 1 B . E . T . S . A.
lO REM KRYPTON SURFACE AREA PROGRAMME JU LY  8 5
2 0 C L S : P R I N T T A B ( 1 0 , 1 ) "KR YPTON SURFACE A R E A . "
3 0 D I M  V ( 8 ) , V 1 ( 8 ) , T ( 8 ) , C ( 8 ) , C 1 ( 8 ) , C B ( 6 ) , T P ( 1 2 ) , T P 1 ( 1 2 ) , P ( 1 2 )  
P I ( 1 2 ) , Y 1 ( 8 ) , Y 2 ( B ) , H ( 8 ) , G ( 8 ) , Y ( S )
A O P R I N T ’ ’ " C a l i b r a t i o n  d a t e  6 / 9 / 8 3 "
5 0  P R I N T ' ' "NEW C A L I B R A T I O N  ( Y / N ) " : A $ = G E T $
6 0  I F  A $ = " Y " THEN P R O C R e c a l  E L S E  9 0  
7 0 E N D
8 0 F 0 R  1= 1  TO B % / 2 : V ( I ) = 0 : C ( I ) = 0 : T ( I ) = 0 : T P ( I ) = 0 : NEXT  
9 0  P R O C B a c k g r o u n d  
1 0 0  P R O C I n p u t  
1 1 0  P R O C C o u n t s  
1 2 0  PROCTernp 
1 3 0  PROCPr e s s u r e  
1 4 0  PROCPr e s s t e m p  
1 5 0  P R O C L i n e f i t
1 6 0 F 0 R  1 = 1 TO B % / 2 :  V ( I ) = 0  : C ( I ) = 0 : T ( I ) = 0 :  T P ( I ) = 0  : NEXT
1 7 0  FOR 1 = 1  TO B % / 2 : V ( I ) = V 1 ( I ) : C ( I ) = C 1 ( I ) : T ( I ) = T 1 ( I ) : N E X T
1 8 0  C 3 = I T :  M1=M*. R1 =R
1 9 0  P R O C C o u n t s
2 0 0  PROCTernp
2 1 0  P R O C P r e s s u r e
2 2 0  P R O C P r e s s t e m p
2 3 0  P R O C L i n e f  i t
2 4 0  C 2 = I T : M 2 = M : R 2 = R
2 5 0  P R O C D e i  t a v o i
2 6 0  P R O C C a l c
2 7 0  VDU2
1 5 6 -
2 8 0  FOR 1 = 17 0  B V . / 2  
2 9 0  P R I N T  G ( I ) , H ( I )
3 0 0  NEXT  
3 1 0  VDU3
3 2 0  FOR 1 = 1  TO B % / 2 : T P ( I ) = G ( I ) : V ( I ) = H ( I ) : N E X T
3 3 0  P R O C L i n e f i t
3 4 0  P R O C C a l c S A
3 5 0  P R O C R e s u 1 t s
3 6 0  END
3 7 0  D E F P R O C B a c k g r  o u n d
3 3 0  C L S : I N P U T ’ ’ "NUMBER OF BACKGROUND COUNTS ( M A X . O F  6 ) " ; A %
3 9 0  P R I N T ’ ' " I N P U T  BACKGROUND R E A D I N G S "
4 0 0  B = 0
4 1 0  FOR 1 = 1  TO A % : I N P U T  C B ( I )
4 2 0  B = C B ( I ) + B : N E X T  
4 3 0  B = B / A %
4 4 0  P R I N T  " B = " ; B 
4 5 0  ENDPROC  
4 6 0  D E F P R O C R e c a l
4 7 0  C L S : P R I N T ’ "TO R E C A L I B R A T E  USE RECAL PROGRAMME TO "J 
4 8 0  P R I N T " O B T A I N  G R A D I E N T ( M )  AND I N T E R C E P T ( C ) OF " j  
4 9 0  P R I N T " N E W  C A L I B R A T I O N  C U R V E . "
5 0 0  P R I N T ’ " S U B S T I T U T E  THESE VALUES FOR THOSE STORED " ;
5 1 0  P R I N T " I N  L I N E  8 5  0 . "
5 2 0  P R I N T ’ " C A L I B R A T I O N  DATE I S  STORED I N  L I N E  4 0 . "
5 3 0  P R I N T ’ "A F T E R  CHANGING M , C  AND DATE SAVE PROGRAMME ON T A P E . "
5 4 0  ENDPROC
5 5 0  D E F P R O C I n p u t
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5 6 0  C L S : I N P U T ’ ’ "NUMBER OF R E A D I N G S  ( M A X . O F  1 0 ) " ; B%
5 7 0  I N P U T ’ "SAMPLE W E I G H T " ; W
5 8 0  I N P U T ' " C O U N T  T I M E  ( S EC O N D S ) " ; T%
5 9 0  I N P U T ' " D . S . T . VOLUME D I F F E R E N T I A L " ; VD 
6 0 0  C L S : P R I N T T A B ( 1 0 , 1 ) "ROOM TEMPERATURE R U N . "
6 1 0  P R I N T ’ " I N P U T  V O L U M E , C O U N T S , T E M P E R A T U R E "
6 2 0  FOR 1 = 1 TO B % / 2 :  I N P U T  V ( I  ) , C ( I  ) , T ( I  ) *. NEXT  
6 3 0  P R I N T ’ "ANY M I S T A K E S  ( Y / N ) " : A $ = G E T $
6 4 0  I F  A$< > " Y "  THEN 6 8 0
6 5 0  P R I N T ’ " I N P U T  DATA N U M B E R , V , C , T " : I N P U T  I , V ( I ) , C ( I ) , T ( I )  
6 6 0  P R I N T ’ "ANY MORE M I S T A K E S  ( Y / N ) " : A $ = G E T $
6 7 0  I F  A $ = " Y " THEN 6 5 0  ELS E  6 8 0
6 8 0  C L S : P R I N T T A B ( 1 0 , 1 ) "LOW TEMPERATURE R U N . "
6 9 0  P R I N T ’ " I N P U T  V O L U M E , C O U N T S , T E M P E R A T U R E "
7 0 0  FOR 1 = 1 TO B % / 2 :  I N P U T  V 1 ( I ) , C 1 ( I ) , T 1 ( I ) : NEXT  
7 1 0  P R I N T ’ "ANY M I S T A K E S  ( Y / N ) " : A $ = G E T $
7 2 0  I F  A$< > " Y" THEN 7 6 0
7 3 0  P R I N T ’ " I N P U T  DATA N U M B E R , V , C , T " : I N P U T I , V I ( I ) , C 1 ( I ) , T 1 ( I )  
7 4 0  P R I N T ’ "ANY MORE M I S T A K E S  ( Y / N ) " : A $ = G E T $
7 5 0  I F  A $ = " Y " THEN 7 3 0  E LS E  7 6 0
7 6 0  ENDPROC
7 7 0  D E F P R O C C o u n t s
7 S 0 F 0 R  1=  1 TO B % / 2 : C ( I ) = ( ( C ( I ) - B )  / T % )  : NEXT  
7 9 0  ENDPROC  
8 0 0  DEFPROCTemp
8 1 0  FOR 1 = 1  TO B % / 2 : T ( I ) = T ( I ) + 2 7 3 : NEXT
8 2 0  ENDPROC
8 3 0  D E F P R O C P r e s s u r e
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8 4 0  LO C AL  M,C
8 5 0  C = 7 .  1 6 3 8 E - 3 :  h1=3. 1 9 3 3 E - 3
8 6 0  FOR 1=  1 TO B % / 2 : P ( I ) = M * C ( I ) + C : NEXT
8 7 0  ENDPROC
8 8 0  DEFPROCPr  e s s t e r n p
8 9 0  FOR I  =  1 TÜ B V . / 2 :  TP ( I  ) =T  ( I  ) / P  ( I  ) : NEXT
9 0 0  ENDPROC
9 1 0  D E F P R O C L i n e f  i t
9 2 0  X X = 0  : Y Y = 0 :  X Y = 0 :  s u r n X = 0 :  su m Y = 0  : s u m X Y = 0 :  5 u rn YY = 0:  surnXX =0  
9 3 0  LOCAL MEA NX,M EANY  
9 4 0  M = o : c = o : i t = o 
9 5 0  FOR 1= 1  TO B % / 2
9 6 0  suTûX=5UTnX + TP ( I  ) : su m Y = s u m Y  + V ( I ) :  NEXT  
9 7 0  MEANX=surnX/  ( B % / 2 )  : ME ANY=5UniY/  ( B % / 2 )
9 8 0  FOR 1 =1  TO B % / 2
9 9 0  BumXX=5UTnXX + TP ( I  ) * T P  ( I  ) *. sumY Y=5 umYY  + V ( I  ) * V  ( I  )
1 0 0 0  s u m X Y = s u m X Y + T P ( I ) ( I )
1 0 1 0  X X = X X + ( T P ( I ) - M E A N X ) * ( T P ( I ) - M E A N X ) : Y Y = Y Y + ( V ( I ) - M E A N Y ) * ( V ( I ) -M EA NY )  
X Y = X Y + ( T P ( ï ) - M E A N X ) * ( V ( I ) -M EA N Y )
1 0 2 0  NEXT
1 0 3 0  M= ( (B % /2 ) * 5U in X Y - B U T i - iX * 5U in Y )  /  ( ( B % / 2 )  * 5 u m X X - s u m X % 5 u m X )
1 0 4 0  I T =  ( s u r n Y * s u r n X X - s u m X * s u m X Y )  /  ( ( B % / 2 )  * 5 u r n X X - s u m X * s u m X )
1 0 5 0  R = X Y / S Q R ( X X * Y Y )
1 0 6 0  ENDPROC
1 0 7 0  D E F P R O C D e l t a v D l
1 0 8 0  FOR 1= 1  TO B % / 2
1 0 9 0  C 1 = C 3 - V D
1 1 0 0  Y 1 ( I ) = M 1 * T P ( I ) +C1
- 1 5 9 -
1 1 1 0  Y 2 ( I ) = M 2 * T P ( I ) +C2  
1 1 2 0  Y ( I ) = Y 1  ( I )  - Y 2  ( I.)
1 1 3 0  NEXT  
1 1 4 0  ENDPROC  
1 1 5 0  D E F P R O C C a l c  
1 1 6 0  FOR 1= 1  TO B % / 2
1 1 7 0  H ( I ) = P ( I ) / ( ( Y ( I ) * P ( I ) * 0 . 1 2 4 6 8 ) * ( 2 . 4 9 - P ( I ) ) )
1 1 8 0  G ( I ) = P ( I > / 2 . 4 9  
1 1 9 0  NEXT  
1 2 0 0  ENDPROC  
1 2 1 0  D E F P R O C C a l c S A  
1 2 2 0  S A = 1 / M + I T  
1 2 3 0  S A = S A * 0 . 1 9 5 / W  
1 2 4 0  ENDPROC 
1 2 5 0  D E F P R O C R e s u l t s
1 2 6 0  C L S : V D U 2 : P R I N T ’ T A B ( 1 1 , 1 ) "ROOM TEMPERATURE R U N . "
1 2 7 0  6 % = & 2 0 4 0 C
1 2 8 0  P R I N T ’ " G R A D I E N T = " ; M l
1 2 9 0  P R I N T ’ " I N T E R C E P T = " ; C 3
1 3 0 0  P R I N T ’ " C O R R E L A T IO N  COEFF I C  I  EN T= " R 1 
1 3 1 0  VDU3
1 3 2 0 P R I N T ’ ’ ’ " PRE SS ’ C ’ TO C O N T I N U E " : REPEAT U N T I L  G E T $ = " C "  
1 3 3 0  C L S : V D U 2 : P R I N T ’ T A B ( 1 1 , 1 ) "LOW TEMPERATURE R U N . "
1 3 4 0  P R I N T ’ " G R A D I E N T = " ; M2 
1 3 5 0  P R I N T ’ " I N T E R C E P T = " ; C2
1 3 6 0  P R I N T ’ "C O R R E L A T IO N  C O E F F I C l E N T = " î R2  
1 3 7 0  VDU3
1 3 8 0  P R I N T ’ ’ ’ " PR E SS ’ C ’ TO C O N T I N U E " : REPEAT U N T I L  G E T $ = " C "
- 1 6 0 -
1 3 9 0  C L S : V D U 2 : P R I N T T A B ( 1 4 , 1 ) "SUR FAC E A R E A . "
1 4 0 0  P R I N T ’ " G R A D I E N T - " ; M 
1 4 1 0  P R I N T ' " I N T E R C E P T = " ; I T  
1 4 2 0 P R I N T ’ " C O R R E L A T IO N  C O E F F I C I E N T = " ; R 
1 4 3 0  VDU3
1 4 4 0  P R I N T ’ ’ ’ "P RE SS  ’ C ’ TO C O N T I N U E " : REPEAT U N T I L  G E T $ = " C "  
1 4 5 0  C L S : V D U 2 : P R I N T T A B ( 8 , 4 )  "SUR FAC E A R E A = " ; SA 
1 4 6 0  VDU3
1 4 7 0  P R I N T T A B ( 1 5 , 1 9 )  " ’ E ’ TO E N D " : REPEAT  U N T I L  G E T $ = " E "
1 4 8 0  C L S : P R I N T T A B ( 1 5 , 1 0 ) "END OF RUN"
1490 e%=bio 
1500 ENDPROC
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PROGRAMME 2 "F.18"
W r i t t e n  f o r  th e  Dragon M ic ro co m p u te r
18
T h is  programme c o r r e c t s  f o r  th e  decay o f  F. C ounts  a re  
c o r r e c te d  down t o  th e  l a t e s t  t im e  so t h a t  a r t i f i c i a l l y  h ig h  
co u n t  r a t e s  a re  n o t  p roduced .
The o p e r a t io n  o f  th e  programme i s  as f o l l o w s :
L in e s  10-180 : I n p u t  o f  da ta
L in e s  200 -  260 : C a l c u la t i o n  based on e q u a t io n  2 .8
L in e s  280 -  540 : P r i n t  o u t  o f  r e s u l t s  b o th  on sc reen
and p r i n t e r
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PRÜÜRANME 2 H . 1 Ü "
10 C L S : D 1 M  A ( 2 0 )  , B (20 . )  , C ( 2 0 )  , D ( 2 0 )  , I ( 2 0 )
2 0  P R I N T " F L U O R I N E  1 3  DECAY PROGRAMME"
150 P R I N I
4 0  P R I N I " I N P U I  NUMBER OF DATA P A I R S  (MAX OF 2 0  ) 
5 0  IN P U T  N
6 0  P R I N T "AVERAGE NUMBER OF BACKGROUND COUNTS"
7 0  IN P U T  G
8 0  E = ( L O G ( 2 ) ) / 1 1 0
9 0  P R I N T " I N P U T  A , T ( M I N U T E S )
1 0 0  FOR 1=1  TO N 
1 1 0  I N P U T  A ( I ) , T ( I )
1 2 0  NEXT  
1 3 0  P R I N T
1 4 0  P R I N I  "ANY M I S  I A K E S  Y / N " : I N P U T  C *
1 5 0  I F  C $ < > " Y "  THEN 2 0 0
1 6 0  P R I N  I "D A I  A NO. , A , T " :  I N P U T  1 , A ( 1 )  , T ( 1 )
1 7 0  P R I N  T"ANY MURE M I S T A K E S  Y / N " :  I N P U T  D$
1 8 0  I F  Dü .< > "Y "  I HEN 2 0 0
1 9 0  GOTO 1 6 0
2 0 0  FOR 1 = 1  TO N
210 A (I)= A (I)-Ü
2 2 0  B ( 1 ) = T ( 1 ) * - E
2 3 0  C ( I ) = E X P ( B ( I ) )
2 4 0  D ( 1 ) = C ( I ) * A ( I )
2 5 0  U ( I ) = I N T ( D ( I ) + 0 . 5 )
2 6 0  NEXT  
2 7 0  CLS
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2 9 0  IF- N > 1 0  GOTO 3 1 0  
3 0 0  I F  N < 1 0  GOTO 4 10  
3 1 0  FOR 1 = 1  TO 10  
3 2 0  P R I N T  D ( I )
3 3 0  NEXT
3 4 0  P R I N T  " PR ESS  ENTER TO CUNT I N U E  IN P U T  
3 5 0  I F  A * = " K "  THEN 5 2 0  3 6 0  CLS  
3 6 0  CLS
3 7 0  FOR 1 = 1 1  TO N 
3 3 0  P R I N T  D ( I )
3 9 0  NEXT  
4 0 0  GOTO 4 4 0  
4 1 0  FOR 1 = 1  TO N 
4 2 0  P R I N T  D ( I )
4 3 0  NEXT  
44  0  P R I N T
4 5 0  P R 1 N T 4 ^ 2 , " C O R R E C T E D  A C T I V I T I E S "
4 6 0  FOR 1 = 1  TO N 
4 7 0  PR IN T /9 L -2 ,  D ( 1 )
4 8 0  NEXT
4 9 0  P R I N T  " ANOI HER RUN Y / N " : I N P U T  
5 0 0  I F  B $ = " Y "  THEN RUN ELS E  5 1 0  
5 1 0  P R I N T
5 2 0  P R I N T " E N D  OF C A L C U L A T I O N "
5 3 0  END
-164-
PROGRAMME 3 "F.18 PLOT"
W r i t t e n  f o r  th e  Dragon m ic ro c o m p u te r
T h is  programme c o r r e c t s  th e  observed  co u n ts  f o r  decay o f  "^^F 
and th e n  p roduces  a p l o t  o f  s o l i d  co u n ts  v e rs u s  r e a c t i o n  t im e  
on th e  m o n i to r .  The o p e r a t io n  o f  t h e  programme i s  as f o l l o w s :
L in e s  10 -  400
L in e s  420 -  720 
L in e s  730 -  760 
L in e s  770 -  890 
L in e s  900 -  970 
L in e s  1040 -  1060 
L in e s  1070 -  1110
L in e  1130 
L in e s  1140 -  1220 
L in e s  1230 -  1270
L in e s  1280 -  1320
C o r r e c t io n  o f  Gas + s o l i d  co u n ts  f o r  decay, 
u s in g  method d e s c r ib e d  f o r  programme 2. 
C o r r e c t io n  o f  Gas phase c o u n ts  f o r  decay. 
C a l c u la t i o n  o f  c o r r e c te d  s o l i d  c o u n ts .
P r i n t  o u t  o f  s o l i d  c o u n ts  on sc reen  o n ly .  
I n p u t  o f  a d s o rp t io n  t im e s .
S c a le s  p o in t s  t o  f i t  com puters  g r a p h ic  sc reen  
C o n v e r ts  e x p e r im e n ta l  p o in t s  t o  p o in t s  on 
g r a p h ic  sc re e n .
Se ts  up g ra p h ic  sc reen  
P lo t s  axes.
P lo t s  p o in t s ,  d ra w in g  a c i r c l e  round each 
p o i n t .
J o in s  p o in t s .
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PRÜGRAMME 3 F . I B . P L O T
10 D I M  A ( 1 5 ) , B ( 1 5 ) , C ( 1 5 ) , D ( 1 5 ) , T ( 1 5 )
2 0  D I M  A 1 ( 1 5 ) , B 1 ( 1 5 ) , C l ( 1 5 ) , D 1 ( 1 5 , T 1 ( 1 5 ) , X ( 1 5 ) , Y ( 1 5 )
3 0  CLS
4 0  P R I N T "  F . 1 8 . P L OT "
5 0  P R I N T ’ ’ "NUMBER OF DATA P A I R S  (MAXIMUM OF 3 0 ) "
6 0  IN P U T  P
7 0  P R I N T ’ " A V . N O . O F  BACKGROUND COUNTS"
8 0  I N P U T  G-
9 0  E = ( L O G ( 2 ) ) / 1 1 0
1 0 0  CLS
1 1 0  P R I N T ’ " I N P U T  DECAY T I M E ( M I N U T E S ) , A C T I V I T Y ( G A S + S O L I D ) "
1 2 0  FOR 1 =1  TO P / 2  
1 3 0  I N P U T  T ( 1 ) , A ( I )
1 4 0  NEXT I
1 5 0  P R I N T " A N Y  M I S T A K E S  Y / N " : I N P U T  A$
1 6 0  I F  A$< > " Y " T H E N  2 0 0
1 7 0  P R I N T " I N P U T  DATA N U M B E R , T I M E , A C T I V I T Y " : I N P U T  I , T ( I ) , A ( I )  
1 8 0  P R I N T ’ "MORE M I S T A K E S  Y / N " : I N P U T A $
1 9 0  I F  A $ < > " N "  THEN 1 7 0  
2 0 0  FOR 1= 1  TO P / 2  
2 1 0  A ( I ) = A ( I ) - G  
2 2 0  E ( I ) = T ( I ) * - E  
2 3 0  C ( I ) = E X P ( B ( I ) )
2 4 0  D ( I ) = C ( I ) * A ( I )
2 5 0  D ( I ) = I N T ( D ( I ) )
2 6 0  NEXT I  
2 7 0  CLS
2 8 0  P R I N T ’ "CORRECTED A C T I V I T I E S ( G A S + S O L I D )
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2 9 0  FOR 1=1  TO 10  
3 0 0  P R I N T  D ( I )
3 1 0  NEXT I
3 2 0  P R I N T ’ " T Y P E  C TO C O N T I N U E "
3 3 0  A $ = I N K E Y $
3 4 0  I F  I N K E Y $ <  > " C "  GOTO 3 4 0  
3 5 0  FOR 1=  11 TO P / 2  
3 6 0  P R I N T  D ( I )
3 7 0  NEXT I
3 3 0  P R I N T " T Y P E  C TO C O N T I N U E "
3 9 0  A $ = I N K E Y S
4 0 0  I F  I N K E Y S O " C "  GOTO 4 0 0  
4 1 0  CLS
4 2 0  P R I N T ’ " I N P U T  DECAY T I M E ( M I N U T E S ) , GAS PHASE COUNTS"
4 3 0  FOR 1 =1  TO P / 2  
4 4 0  I N P U T  T1 ( I ) , A 1 ( I )
4 5 0  NEXT I
4 6 0  P R I N T " A N Y  M I S T A K E S  Y / N " : I N P U T  AS 
4 7 0  I F  A S O " Y "  THEN 5 1 0
4 8 0  P R I N T " I N P U T  DATA N U M B E R , T I M E , A C T I V I T Y " : I N P U T  I , T 1 ( I ) , A 1 ( I )
4 9 0  P R I N T " A N Y  MORE M I S T A K E S  Y / N " :  I N P U T  AS
5 0 0  I F  AS< > " N " THEN 4 8 0
5 1 0  FOR 1 = 1  TO P / 2
5 2 0  A 1 ( 1 ) = A 1 ( I ) - G
5 3 0  B 1 ( I ) = T 1 ( I ) * - E
5 4 0  C l ( I ) = E X P ( B i ( 1 ) )
5 5 0  D 1 ( I ) = C 1 ( I ) * A 1 ( I )
5 6 0  D 1 ( I ) = I N T ( D 1 ( I ) )
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5 7 0  NEXT 1 
5 8 0  CLS
5 9 0  P R I N T ’ "CORRECTED A C T I V I T I E S  (GAS P H A S E ) " 
6 0 0  FOR 1=  1 TO 10  
6 1 0  P R I N T  D i d )
6 2 0  NEXT I
6 3 0  P R I N T " T Y P E  C TO C O N T I N U E "
6 4 0  A S = I N K E Y S
6 5 0  I F  I N K E Y S O " C "  GOTO 6 5 0  
6 6 0  FOR 1 = 1 1  TO P / 2  
6 7 0  P R I N T  D ( I )
6 8 0  NEXT I
6 9 0  P R I N T " T Y P E  C TO C O N T I N U E "
7 0 0  A S = I N K E Y S
7 1 0  I F  IN K E Y S <  > " C"  GOTO 7 1 0  
7 2 0  CLS
7 3 0  FOR A= 1 TO P / 2  
7 4 0  Y ( A ) = D ( A ) - D 1 ( A )
7 5 0  NEXT A
7 6 0  P R I N T ’ "CORRECTED S O L I D  COUNTS"
7 7 0  FOR A= 1 TO 10  
7 8 0  P R I N T  Y ( A)
7 9 0  NEXT A
8 0 0  P R I N T " T Y P E  C TO C O N T I N U E "
8 1 0  A S = I N K E Y S
8 2 0  I F  I N K E Y S O " C "  GOTO 8 2 0  
8 3 0  FOR A= 11  TO P / 2  
8 4 0  P R I N T  Y ( A)
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8 5 0  NEXT A
8 6 0  P R I N T " T Y P E  C TO C O N T I N U E "
8 7 0  A $ = I N K E Y $
3 8 0  I F  IN K E Y S <  > "C"  GOTO 8 8 0  
8 9 0  CLS
9 0 0  P R I N T ’ " I N P U T  ADS T I M E S "
9 1 0  FOR A=1 TO P / 2 : I N P U T  X ( A )
9 2 0  NEXT A
9 3 0  P R I N T " A N Y  M I S T A K E S  Y / N " : I N P U T  AS 
9 4 0  I F  A S O " Y "  THEN 9 8 0
9 5 0  P R I N T ’ " I N P U T  DATA N U M B E R , T I M E " : I N P U T  A , X ( A )
9 6 0  P R I N T ’ "ANY MORE M I S T A K E S  Y / N " : I N P U T  AS 
9 7 0  I F  A S O " N " T H E N  9 5 0  
9 8 0  R E M * * L I N E  G R A P H * *
9 9 0  CLS
1 0 0 0  P R I N T ’ ’ "P R E S S  E TO END PROGRAMME A FTE R  THE GRAPH I S  DRAWN" 
1 0 1 0  A S = I N K E Y S
1 0 2 0  P R I N T ’ " T YP E  C TO C O N T I N U E "
1 0 3 0  I F  IN K EY S <  > " C " T H E N  GOTO 1 0 3 0  
1 0 4 0  R E M * * S C A L E * *
1 0 5 0  S = S + 1
1 0 6 0  FOR A=1 TO P / 2 : I F  Y ( A ) / S > 1 4 8  THEN 1 0 5 0  ELS E  NEXT A 
1 0 7 0  R E M * * C O N V E R S I O N  OF X k Y  TO G R I D  C O O R D I N A T E S * *
1 0 8 0  FOR D=1 TO P / 2  
1 0 9 0  X ( D ) = ( 3 * X ( D ) ) + 2 0  
1 1 0 0  Y ( D ) = 1 7 8 - ( Y ( D ) / S )
1 1 1 0  NEXT D 
1 1 2 0  CLS
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1 1 3 Ü  PMODE 4 ,  1 : P C L S ; S C R E E N  1 , O 
1 1 4 0  REM **D RAW  A X E S * *
1 1 5 0  L I N E ( 2 0 , 1 0 ) - ( 2 0 , 1 7 8 ) , P SET  
1 1 6 0  FOR F - 1 0  TO 1 7 8  S T E P  4 
1 1 7 0  L I N E ( 1 5 , F ) - ( 2 0 , F ) , P S E T  
1 1 8 0  NEXT F
1 1 9 0  L I N E < 2 0 , 1 7 8 ) - ( 2 4 5 , 1 7 8 ) , PSET  
1 2 0 0  FOR G = 2 0  TO 2 4 5  S T E P  1 5  
1 2 1 0  L I N E ( G , 1 8 3 ) - ( G , 1 7 8 ) , PSET  
1 2 2 0  NEXT G
1 2 3 0  R E M * * P L O T  P O I N T S * *
1 2 4 0  FOR D= 1 TO P / 2  
1 2 5 0  P S E T ( X ( D )  , Y ( D)  ) , 1 
1 2 6 0  C I R C L E ( X ( D ) , Y ( D ) ) , 1  
1 2 7 0  NEXT D
1 2 8 0  R E M * * J O I N  P O I N T S * *
1 2 9 0  L I N E ( 2 0 , 1 7 8 ) - ( X ( 1 ) , Y ( 1 ) ) , PSET  
1 3 0 0  FOR D=1  TO ( P / 2 ) - 1
1 3 1 0  L I N E ( X ( D ) , Y ( D ) ) - ( X ( D + 1 ) , Y ( D + D ) , P S E T  
1 3 2 0  NEXT D 
1 3 3 0  A $ = I N K E Y $
1 3 4 0  I F  I N K E Y S <  > " E"  TH EN  GOTO 1 3 4 0  
1 3 5 0  P R I N T " A N O T H E R  RUN Y / N " : I N P U T  AS  
1 3 6 0  I F  A S = " Y " THEN RUN E LS E  1 3 7 0  
1 3 7 0  P R I N T ’ "END OF PROGRAMME"
1 3 8 0  END
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PROGRAMME 4 "F.E.X.”
W r i t t e n  f o r  th e  Dragon m ic ro co m p u te r
18T h is  programme c a l c u la t e s  th e  f r a c t i o n  o f  F exchanged between 
a F l a b e l l e d  gas and a s o l i d  m e ta l  f l u o r i d e  u s in g  e q u a t io n s  
2 .4  and 2 .5 .  The programme o p e ra te s  as f o l l o w s :
L in e s  40 -  100 C a lc u la t i o n  o f  th e  number o f  m moles o f
gas.
L in e s  140 -  210 C a lc u la t io n  o f  th e  number o f  m moles o f
s o l i d .
L in e s  230 -  360 C a lc u la t i o n  o f  f r a c t i o n s  exchanged
L in e s  360 -  400 P r i n t  o u t  o f  r e s u l t s  on s c re e n .
FI i s  t h e  f r a c t i o n  exchanged c a lc u la t e d  u s in g  e q u a t io n  2 .5
F2 i s  th e  f r a c t i o n  exchanged c a lc u la t e d  u s in g  e q u a t io n  2 .4
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PROGRAMI’IE 4 F .  E X .
10  CLS
2 0  PRI NT" PRO GRAMM E TO C A LC U LA TE  F R A C T I O N  EXCHANGED BETWEEN F 1 8  WBELLI  
GAS AND A METAL F L U O R I D E "
3 0  P R I N T
4 0  P R I N T " P ( T O R R )  , V O L , T " : I N P U T  P , V , T
5 0  CLS
6 0  T = T + 2 7 3
7 0  P = P / 7 6 0
8 0  R = 8 2 . 0 5 3
9 0  N = ( P * V ) / ( R * T )
1 0 0  M 2 = N * 1 0 0 0  
1 1 0  P R I N T
1 2 0  P R I N T  M 2 ; "MMOL OF GAS"
1 3 0  P R I N T
1 4 0  P R I N T " W E I G H T  OF S O L I D " : I N P U T  W 
1 5 0  CLS  
1 6 0  P R I N T
1 7 0  P R I N T " M O L . W T . O F  S O L I D " : I N P U T  MW 
1 8 0  CLS
1 9 0  M 1 = ( W / M W ) * 1 0 0 0  
2 0 0  P R I N T
2 1 0  P R I N T  M l  ; "MMOL OF S O L I D "
2 2 0  P R I N T
2 3 0  P R I N T " A C T I V I T Y  OF GAS BEFORE R E A C T I O N  " :  I N P U T  AO 
2 4 0  P R I N T
2 5 0  P R I N T " A C T I V I T Y  OF GAS A FT E R  R E A C T I O N " : I N P U T  AT 
2 6 0  CLS  
2 7 0  P R I N T
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2 8 0  P R I N T " A C T I V I T Y  OF S O L I D  AFTER R E A C T I O N " : I N P U T  A1 
2 9 0  P R I N T
3 0 0  P R I N T " N O . O F  F ATOMS I N  S O L I D " : IN P U T  N i  
3 1 0  P R I N T
3 2 0  P R I N T " N O . O F  F ATOMS I N  G A S " : I N P U T  N2  
3 3 0  P R I N T
3 4 0  F l = ( ( A O - A T ) * ( ( N 1 * M 1 ) + ( N 2 * M 2 ) ) ) / ( N l * M i * A O )
3 5 0  F 2 = ( A 1 / ( A l + A T ) ) / ( N 1 * M 1 / ( N 1 * M 1 + N 2 * M 2 > )
3 6 0  CLS  
3 7 0  P R I N T
3 8 0  P R I N T " F R A C T I O N  EXCHANGED ( F 1 ) = " ;  F 1 
3 9 0  P R I N T " F R A C T I O N  EXCHANGED ( F 2 ) = " j F 2  
4 0 0  P R I N T  "ANOTHER RUN Y / N " ' . I N P U T  AS 
4 1 0  I F  A S = " Y "  THEN 4 3 0  E LS E  RUN 
4 2 0  P R I N T
4 3 0  C L S : P R I N T " E N D  OF C A L C U L A T I O N "
4 4 0  END
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PROGRAMME 5 " D .T .C . "
W r i t t e n  f o r  th e  Dragon m ic ro co m p u te r
T h is  programme i s  used t o  c a l c u l a t e  th e  dead t im e  o f  a GM tu b e .  
The method o f  o b t a in in g  th e  d a ta  r e q u i r e d  f o r  t h i s  c a l c u l a t i o n  
i s  d e s c r ib e d  i n  c h a p te r  2 s e c t io n  2 . 4 . 4 .
The programme o p e ra te s  as f o l l o w s :
L in e s  10 -  110 I n p u t  o f  d a ta
L in e s  120 -  140 C a lc u la t i o n  o f  dead t im e  u s in g  e q u a t io n
2 .6 .
L in e s  150 -  180 P r i n t  o u t  o f  dead t im e  on p r i n t e r
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PRUGRAI1HE 5 D i e
1 0  D I M  C ( 2 0 ) , C C ( 2 0 )
2 0  C LS ;  P R I W T ’’ DEAD T I M E  C O R R E C T I O N  PROGRAMME"
3 0  P R I N T : I N P U T " N U M B E R  OF BACKGROUND C O U N T S " ; N 
4 0  P R I N T : P R I N T " E N T E R  BACKGROUND COUNTS"
5 0  FOR 1 =1  TO N : I N P U T  B ( I )
6 0  CB = CB + B ( I ) : N E X T : C B = C B / N
7 0  P R I N T : P R I N T " E N T E R  NUMBER OF C O U N T S " : I N P U T  M 
8 0  P R I N T : P R I N T " C O U N T  T I M E " : I N P U T  T 
9 0  P R I N T : P R I N T " D E A D  T I M E " : I N P U T  DT  
1 0 0  P R I N T  " I N P U T  COUNTS"
1 1 0  FOR 1 = 1  T O M : I N P U T  C ( I )
1 2 0  NEXT
1 3 0  P R I N T " A N Y  M I S T A K E S  Y / N " : I N P U T  AS 
1 4 0  I F  AS< > " Y "  THEN 1 3 0
1 5 0  P R I N T " E N T E R  COUNT N U M B E R , C O U N T " : I N P U T  1 , C ( I )
1 6 0  P R I N T " A N Y  MORE M I S T A K E S  Y / N " : I N P U T  AS
1 7 0  I F  A S = " Y " THEN 1 5 0
1 8 0  FOR 1 = 1  TO M
1 9 0  C ( I ) = C ( I ) - c b : C ( I ) = C ( I ) / T
2 0 0  C C ( I ) = C ( I ) / ( 1 - D T * C ( I ) )
2 1 0  NEXT
2 2 0  C L S : P R I N T : P R I N T " E N T E R  TUBE C O R R E L A T IO N  FACTOR " 
2 3 0  P R I N T " E N T E R  1 I F  NOT R E Q U I R E D "
2 4 0  I N P U T  CF 
2 5 0  FOR 1 = 1  TO M 
2 6 0  C C ( I ) = C C ( I ) * C F
2 7 0  C C ( I ) = I N T ( C C ( I ) * 1 0 0 + 0 . 5 ) / l O O
-175-
2 8 0  NEXT
2 9 0  P R I N T  - 2 " C 0 U N I S " , "CORRECTED COUNTS"
3 0 0  FOR 1 = 1  TO N
3 1 0  P R I N T  - 2 , C ( 1 ) , C C ( I )
3 2 0  NEXT
3 3 0  P R I N T " A N O T H E R  RUN Y / N " : I N P U T  BS 
3 4 0  I F  B S = " Y "  THEN RUN ELS E  3 5 0  
3 5 0  CLS : P R I N T " E N D  OF C A L C U L A T I O N "
3 6 0  END
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PRÜGRAMME 6 "D T .C R ."
W r i t t e n  f o r  th e  BBC m ic ro co m p u te r
T h is  programme i s  used t o  c o r r e c t  observed  c o u n ts  f o r  th e  
dead t im e  o f  th e  G e ig e r  M u l l e r  tu b e s  and t o  ta k e  accoun t o f
th e  c o r r e l a t i o n  f a c t o r  o f  th e  tu b e s .  The programme o p e ra te s
\
as f o l l o w s :
L in e s  10 -  60 
L in e s  70 -  170 
L in e s  180 -  280 
L in e s  290 -  320
C a lc u la t io n  o f  average background coun t 
I n p u t  o f  da ta
C a lc u la t io n  u s in g  e q u a t io n  2 .6  
P r i n t  o u t  o f  r e s u l t s  on p r i n t e r
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PROGRAMME 6 D I . C R .
10  D I M  T 8 2 0 ) , A O ( 2 0 ) , A T ( 2 0 )
2 0  C L S : P R I N T " D E A D  T I M E  C A L C U L A T I O N  PROGRAMME"
3 0  P R I N T : I N P U T " N U M B E R  OF DATA P A I R S " ; N
4 0  P R I N T : P R I N T " E N T E R  OBSERVED A C T I V I T Y , T R U E  A C T I V I T Y "
5 0  FOR 1=1  TO N
6 0  IN P U T  A O ( I )  , AT C l )  : NEXT
7 0  P R I N T " A N Y  M I S T A K E S  Y / N " : I N P U T  AS
8 0  I F  AS< > " Y" THEN 1 2 0
9 0  P R I N T : I N P U T " E N T E R  P A I R  NUMBER , OBSERVED A C T I V I T Y , T R U E  A C T I V I T Y  
"; I ,A O (I ) ,A T (I )
1 0 0  P R I N T " A N Y  MORE M I S T A K E S  Y / N " : IN P U T  AS
1 1 0  I F  A S = " Y " THEN 9 0
1 2 0  FOR 1 = 1  TO N
1 3 0  T ( 1 9 = ( A T ( 1 ) - A O ( I ) ) / ( A T ( I ) * A 0 ( I ) )
1 4 0  NEXT
1 5 0  V D U l : P R I N T  "DEAD T I M E "
1 6 0  FOR 1=1  TO N 
1 7 0  P R I N T " r = " ; T ( I )
1 8 0  NEXT
1 9 0  P R I N T "A N Ü T HER RUN Y / N " : IN P U T  AS 
2 0 0  I F  A S = " Y " THEN RUN E LS E  2 1 0
2 1 0  C L S : P R I N T  "END OF C A L C U L A T I O N "
2 2 0  END
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